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Cirrus  Particle  Distribution  Study 

Part  1 


I.  INTRODUCTION 

A cirrus  sampling  mission  over  Colorado  was  made  on  29  October  1977  during 
a movement  of  the  AFGI.  instrumented  MC-130E  aircraft  to  the  West  Coast.  Par- 
ticle and  other  atmospheric  lata  were  obtained  for  the  Air  Force  Weapons  Labora- 
tory's Advanced  Radiation  Technology  (ART)  program.  The  purpose  of  this  pro- 
gram is  to  obtain  lata  that  will  enable  a better  definition  of  typical  habit  and  dis- 
tribution of  particles  or  ice  crystals  found  in  relatively  thin  cirrus  clouds.  This 
information  will  in  turn  be  used  in  determining  the  expected  degradation  of  laser 
beani  energy  propagated  through  this  type  of  cloud  form.  Ensuing  parts  of  this 
study  will  present  cirrus  particle  population  and  size  data  that  were  obtained  during 
other  sampling  flights. 

The  following  Sections  provide:  (1)  a brief  review  of  previous  literature  on 
cirrus  data  to  provide  a perspective,  (2)  a discussion  of  the  cloud  physics  instru- 
mentation aboard  the  sampling  aircraft,  (3)  a review  of  the  weather  situation  at  the 
time  of  one  specific  sampling  flight,  and  (4)  a description  of  the  generalized  data 
format  and  of  the  data  for  one  mission. 


(Received  for  publication  4 August  197  8) 
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2.  I’KHSIM  CT1VK 


The  physics  and  composition  of  cirrus  clouds  were  not  extensively  studied  until 
the  last  few  years  when  improved  instrumentation  and  a better  sampling  capability 
nrovided  an  impetus  for  a closer  look  at  these  high  clouds.  Aside  from  the  fact 
that  they  are  an  important  mechanism  for  moisture  exchange  at  subtropopause  levels 
they  also  contribute  to  the  earth’s  albedo  and  tend  to  restrict  incoming  solar  radia- 
tion and  light  transmittance.  These  effects  are  due  to  the  small -sized  but  numerous 
ice  particles  in  cirrus  type  clouds. 

Mason,  ^ reporting  on  Weickmann’s  findings  of  the  1040’s,  indicated  that  at 
temperatures  below  -25  C’  the  dominant  ice  particle  form  is  the  hexagonal  prism 
which  is  indigenous  to  cirrus  and  medium-level  clouds,  Weickmann  believed  clusters 
(bullet  rosettes)  of  the  prism-shaped  < rystals  about  2 mm  were  common  in  isolated 
cirrus  clouds. 

Schaefer^  acquired  snowflake  replicas  in  many  parts  of  the  world  and  indicated 
that  cirrus  clouds  result  from  spontaneous  nucleation,  that  is,  foreign  particles  are 
not  required  to  initiate  them.  According  to  Schaefer,  the  crystal  types  common  to 
cirrus  are  the  hexagonal  plate  and  column  and  the  irregular  or  asymmetric  crystal. 

3 

[n  laboratory  tests,  aufm  Kampe  et  al  found  predominantly  single  crystals  to 
form  at  temperatures  above  -20C.  However,  around  -20C  they  were  irregular 

* 3 

aggregates  or  "spatial  crystals"  (or  bullet  rosettes)  with  about  100  crystals  per  cm  . 
At  -29  C the  same  spatial  crystals  were  observed,  though  they  seemed  to  have  the 
characteristics  of  both  plates  and  columns.  Additionally,  some  single  columns  were 
present  at  this  temperature  and  at  temperatures  down  to  about  -40C.  This  same 
type  of  crystal  was  found  in  the  top  of  a cirrocumulus  cloud,  where  crystals  were 
just  forming.  Older  crystals,  gathered  at  the  base  of  this  type  cloud,  were  of  the 
same  type  but  had  grown  considerably  in  size. 

4 

Considering  ice  particles  over  a wide  temperature  range  Ono  pointed  out  that 
their  basic  form  exhibits  four  changes  over  the  range  0 to  -32  C.  The  changes  from 
planar  to  columnar  at  -3.  5 C and  from  columnar  to  planar  at  -9.5C  are  rather 
sharp  (on  the  temperature  scale).  However,  the  transition  from  planar  to  columnar 
crystals  below  about  -22  C is  much  less  sharp. 

1.  Mason,  B. J.  (1057)  The  Physics  of  Clouds,  Oxford  University  Press. 

2.  Schaefer,  F.J.  (1051)  Snow  and  its  relationship  to  experimental  meteorology. 

Compendium  of  Meteor.  , Bull.  Amer.  Meteorol.  Soe.  pp  221-234. 

3.  aufm  Kampe,  II..].,  Weickmann,  H,  K.  , and  Kelley,  J.J.  ( 105  1 ) The  influence 

of  temperature  on  the  shape  of  ice  crystals  growing  at  water  saturation, 

.1.  Meteorol.  8:168-174. 

vw 

4.  Ono,  A,  (1970)  Growth  mode  of  ice  crystals  in  natural  clouds,  .J.  Atmos.  Sci. 

27:640-658. 

VN/W 
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Based  on  an  examination  of  more  than  10,000  crystals  and  the  results  of  others, 
Ono  developed  the  listing  of  typical  crystal  shapes  according  to  the  temperature 
ranges  below. 


Table  1.  Typical  Crystal  Forms  as  Function  of  Temperatures 


T emperature 
(C) 

Form  of  Ice  Crystals 

> -3.  5 

Simple  hexagonal  plane  ice  crystal  without  any 
internal  structure. 

-3. 5 to  -4 

Solid/hollow -type  columnar  ice  crystal. 

-4  to  -6 

Needle-type  columnar  ice  crystal. 

-6  to  -8 

Sheath-type  columnar  ice  crystal. 

-8  to  -9. 5 

Solid/ hollow -type  columnar  ice  crystal. 

-9. 5 to  -12 

Thick  plane-type  ice  crystal  with  or  without  hollow 
structure  on  prism  faces. 

12  to  -14 

Hexagonal  plane  ice  crystal  with  internal  structure, 
ribs  extending  along  the  a axis  over  the  basal 
faces  of  the  crystal. 

- 14  to  -17 

Stellar  type  plane  ice  crystal,  including  plane  crystal 
with  dendritic  extension,  dendritic  plane  crystal 
with  sector  plane  at  tops,  and  plane  crystal  with 
dendritic  extensions. 

17  to  -19 

Hexagonal  plane  ice  crystal  with  internal  structure. 

-19  to  -22 

Thick  plane-type  ice  crystal  with  hollow  structure 
on  prism  faces. 

-22  to  -32 

Ice  crystals  seem  to  have  characteristics  of  both 
plane  and  columnar  ice  crystals.  In  addition  to 
single  columnar  or  single  thick  plane  ice  crystals, 
irregular  aggregates  of  columns  or  sectors  are 
common.  Scroll,  side  plane  andbullet-type  columnar 
ice  crystals  are  also  common  crystal  forms. 

The  ratio  of  diameter  to  thickness  for  a given  crystal  diameter  exhibits  a maxi- 
mum value  in  the  neighborhood  of  -16C.  This  is  where  dendrites  and  stellars  are 
seen.  On  the  other  hand,  the  ratio  of  thickness  (or  length)  to  diameter  in  warm 
columnar  crystals  goes  through  a maximum  near  -5C  where  needle  and  columnar 
crystals  are  found. 

The  large  variation  of  particle  types  in  cirrus  temperatures  is  particularly  to 
be  noted  in  the  preceeding  table.  While  warmer  temperatures  frequently  result  in 
one  or  two  given  particle  types,  Ono  found  that,  at  temperatures  below  -22  C,  par- 
ticles have  both  the  characteristics  of  planar  and  columnar  crystals  as  well  as  varia- 
tions of  these.  A summary  of  opinion  of  findings  regarding  typical  cirrus  particle 
type  is  given  in  Table  2. 
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Table  2.  Cirrus  Particle  Type 


Weiokmann  (1940's) 


Scbaefe 


2 

r 


5 

Knollenberg 

Heymsfield^ 


Heymsfield 


7 


In  convective  cirrus:  bullet  rosettes. 

In  cirrostratus;  eroded  single 
bullets,  columns  and  plates. 

Hexagonal  plates  and  columns  and 
irregular  crystals. 

Bullets  and  columns. 

In  weak  uniform  cirrus:  plates,  columns, 
and  some  bullet  rosettes. 

In  heavy  uniform  cirrus:  mostly  bullet 
rosettes. 

In  cirrus  uncinus:  bullet  rosettes, 
single  bullets,  banded  columns,  and 
plates. 


Heymsfield  and  Knollenberg  collected  several  hours  of  flight  data  in  cirrus 
generating  cells  found  in  uncinus,  cirrostratus,  spissatus  and  thunderstorm  anvils. 
Average  values  of  particle  and  moisture  data  were: 

-2  -3 

la)  Ice  crystal  concentration:  10,  000  - 25,000  m (max.  50,000  m ), 

(b)  Crystal  length:  0.  6 - 1.0  mm, 

(c)  Particle  habit:  bullet  rosettes,  columns,  and  plates, 

-3 

(d)  Ice  crystal  density:  0.6  -0.9  gm  m , 

-3 

(e)  Ice  water  content:  0.  15  - 0.  25  gm  m 

They  adm itted  that  the  mean  particle  length  of  0,  6 mm  (600  pm)  nr  more  that  they 
found  was  greater  than  those  usually  observed  in  cirrus,  but  they  pointed  out  that 
the  cirrus  generating  cell  is  not  a cloud  in  the  usual  sense.  Rather,  it  is  a mass 
of  growing  precipitation  elements  (ice  crystals). 

g 

On  two  particular  flights  in  high  clouds,  Heymsfield  found  the  total  concentra- 
tions of  crystals  at  various  altitudes  as  follows: 


5.  Knollenberg,  R.  G.  (1973)  Cirrus -contrail  cloud  spectra  studies  with  the 

Sabreliner,  Atmos.  Tech,  (by  NCAR),  N'o.  1,  pp  52-55. 

6.  Heymsfield,  A.  (1974)  Ice  crystal  growth  in  deep  cirrus  systems,  in  Preprints 

of  Conference  on  Cloud  Physics,  Bull.  Amer.  Meteorol.  Soc.  pp  3 1 1 -3  16. 

7.  Heymsfield,  A.  (1975)  Cirrus  uncinus  generating  cells  and  the  evolution  of 

cirriform  clouds.  Part  I:  Aircraft  observations  of  the  growth  of  the  ice 
phase,  .1.  Atmos.  Sci,  ^52^:7  99-808. 

8.  Heym sfielM,  A.. I.,  and  Knollenberg,  R,  G.  (1972)  Properties  of  cirrus 

generating  cells,  .1.  Atmos.  Sci.  29:1358-1366. 
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Flight  No.  1 


Flight  No.  2 


Altitude  (kft) 

-3 

Concentration  (cm  ) 

Altitude  (kft) 

-3 

Concentration  (cm 

3 1 

0.  39 

37 

0.  57 

29 

1.7  1 

25 

1.78 

21 

4.  13 

17 

2.  24 

He  also  pointed  ou.  that  cirrostratus  clouds  exhibited  lower  particle  ■ oneentrations 
and  ice  water  contents  than  did  cirrus  uncinus  clouds.  The  mean  and  maximum 
crystal  lengths  were  found  to  increase  from  near  the  cloud  top  to  the  cloud  base. 

The  number  of  sampling  flights  through  aircraft  condensation  trails  at  high 
altitudes  appears  to  be  small.  However,  Knollenberg"  has  indicated  contrails  are 
similar  to  natural  cirrus  as  concerns  crystal  size  spectra. 

In  all  of  his  cirrus  flights,  Heymsfield  found  a thin  (0.5  to  1.0  km)  nearly  in- 
visible tropopause  cirrus  layer  above  a lower  cirrus  deck.  The  particle  concentra 

-3 

tion  in  this  high  cirrus  was  of  the  order  of  0.2  to  1.5  cm  . These  layers  < ontained 
columnar  and  plate  crystals,  and  occasionally  trigonal  crystals.  The  thin  cirrus 
layers  were  found  nearly  every  day  at  the  tropopause,  independent  of  whether  a 
storm  system  was  below.  They  apparently  formed  in  the  stable  layer  near  the  base 
of  the  tropopause.  The  highest  concentration  of  crystals  found  in  Heymsfield’s 
cirrus  flights  was  in  the  7 to  15  pm  range,  whether  20  miles  from  the  edge  of  an 

overrunning  surface,  150  miles  from  the  edge,  or  in  the  thin  tropopause  laver. 
g 

In  the  Ryan  et  al'  single  flight  through  a cirrus  layer  at  32,  000  It  the  measured 

crystal  concentration  varied  between  approximately  0.  5 and  3.  8 cm  ’ which  is  near 

Heymsfield ' s"  results.  They  found  nearly  equal  numbers  of  particles  in  each 
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channel  in  the  5.  5 to  50  pm  range.  Ryan  et  al  point  out  that  only  apparent  size 
distributions  can  be  reported  for  particles  detected  by  spectrometers  based  on  a 
light  scattering  mechanism.  This  is  the  case  since  the  scattering  properties  of  ice 
crystals  are  not  known. 

Although  not  directly  applicable  to  the  problem  of  ice  clouds  Stewart'  has 
provided  an  excellent  literature  review  of  the  extinction  caused  by  various  sized 
droplets  in  fogs.  The  atmospheric  extinction  of  visible  wavelengths  in  some  fogs 
is  several  times  that  at  a wavelength  of  10  pm.  She  points  out  that  large  drops 
contribute  much  more  to  extinction  than  do  small  drops. 


9.  Ryan,  R.  T.  , Blau,  J,  H.  , Jr.,  von  Thuna,  INC.,  and  Cohen,  M.  I . (1972) 

Cloud  microstructure  as  determined  by  an  optical  cloud  parti  le  spectrometer, 
J.  Appl,  Meteorol.  11:  149-  156. 

10.  Stewart,  Uorathy  A.  ( 1977)  Infrared  and  Submillimctcr  extinction  by  l-'og, 
Redstone  Arsenal  Technical  Report  TR-77-9,  55  pp. 
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In  a study  of  Alaskan  ice  fogs  below  -20  ( ',  Thuman  and  Kobinson  found  the 
size  of  particles  decreased  as  the  temperature  decreased;  however  the  number  of 
equant  solid  particles  with  rudimentary  crystal  faces,  or  "droxtals,  " increased 
rapidly  with  decreasing  temperature.  At  low  temperatures  (<  ~ -35  0 they  attri- 
buted the  high  incidence  of  restricted  visibility  (at  the  surface,  not  aloft)  to  the 
presence  of  the  droxtals  rather  than  the  prisms  of  hexagons;  in  fact,  below  -38  C 
they  found  over  00  percent  of  the  particles  in  the  ice  fogs  to  be  droxtals. 


3.  INSTRUMENT  ATION 


The  A KG  I,  MC-130K,  serial  number  40571,  shown  in  Figure  1,  is  equipped 
with  five  optical  spectrometer  probes  for  measuring  the  size  and  number  of  particles 
in  different  areas  of  the  particle  spectrum.  These  are  manufactured  by  Particle 
Measuring  Systems,  Inc.  (PMS)  and  consist  of  four  imaging  probes  and  one  scat- 
tering probe. 


f igure  1.  AFGI.  Instrumented  Mt  - 1 30K  Aircraft 


and  Kobinson,  K.  (1054)  Studies  of  Alaskan  ice-fog  particles 
11:151-156. 


I.  Thuman,  W.  C 
.).  Meteorol 


One-dimensional  (1-D)  measurements  of  the  largest  sizes  are  made  by  the 
"precipitation”  probe  which  records  ice  particles  between  approximately  400  and 
4700  |im,  The  "cloud"  probe  makes  1-D  measurements  of  particles  between 
approximately  26  and  312  gim,  while  the  scattering  probe  is  used  to  detect  particles 
in  the  2 to  30  pm  range. 

Two-dimensional  "shadow'graph”  recordings  of  particles  are  also  made  aboard 
the  aircraft  by  two  2-D  spectrometers.  These  are  based  on  an  extension  of  1-D 
technology  and  are  manufactured  by  the  same  developer.  The  2-D  probes  contain 
high  speed  front  end  memories  enabling  each  photodiode  detector  element  to  encode 
many  bits  of  shadow  information  from  each  particle.  As  a particle  passes  through 
the  spectrometer  array,  slices  of  the  shadow  are  recorded  to  develop  a two-dimen- 
sional image.  The  range  of  the  2-IJ  "cloud"  probe  is  approximately  25  to  600  pm, 
and  that  for  the  2-D  "precipitation"  probe  is  about  200  to  6400  pm. 

Particles  passing  through  the  vertically  pointed  laser  beams  of  the  four  imaging 

probes  occlude  one  or  more  photodiodes  in  a line.  Large  particles  therefore 

occlude  more  of  the  diodes  than  do  smaller  ones.  In  the  scattering  probe,  particles 

also  pass  through  a laser  beam,  but  in  this  case  the  size  is  determined  by  the  amount 

of  light  that  is  forward  scattered  by  the  moving  particle.  More  extensive  discus- 
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sions  of  1-  and  2-D  probe  capabilities  are  given  by  Knollenberg  ’ and 
Heymsfield.  ^ 

The  I - and  2-D  array  probes  provide  a relatively  accurate  measure  of  particu- 
late mass  spectra  for  liquid  droplets  because  they  are  essentially  spherical  and 
have  a density  of  one  (although  there  is  some  difficulty  with  droplets  splashing).  In 
ice  clouds  the  size  spectra  is  also  relatively  accurate;  however,  conversion  to  a mass 
spectra  involves  certain  assumptions  requiring  estimates  of  particle  density. 

These  instruments  are  among  the  best  presently  available,  but  even  better 
quality  ice  crystal  data  would  be  desirable.  Dendrite  crystals,  for  example,  are 
not  well  sized  by  the  probes  because  they  frequently  result  in  less  than  a 50  percent 

reduction  in  laser  light.  Also,  columnar  crystals  are  underestimated  in  concentra- 

14 

tion  according  to  Heymsfield.  Plates,  plates  with  extensions,  bullet  rosettes,  and 
aggregates,  however,  are  sized  and  counted  nearly  correctly.  To  eventually  im- 
prove the  quality  of  ice  particle  data,  AFGL  is  pursuing  the  development  and  ac- 
quisition of  a superior  cirrus  particle  detector. 

12.  Knollenberg,  R.  G.  (1970)  The  optical  array;  An  alternative  to  scattering  or 

extinction  for  airborne  particle  size  determination.  J.  Appl.  Meteorol. 
9:86-103. 

13.  Knollenberg,  R.  G.  (1976)  Three  new  instruments  for  cloud  physics  measure- 

ments; The  2-D  spectrometer,  the  forward  scattering  probe,  and  the  active 
scattering  spectrometer,  in  Preprints  of  Intnatl.  Cld.  Physics  Conf.  , Bull 
Amer.  Meteorol.  Soc.  pp  554-So  1. 

14.  Heymsfield,  A.  J.  (1976)  Particle  size  distribution  measurement:  An  evaluation 

of  the  Knollenberg  optical  array  probes,  Atmos.  Tech,  (by  NCAH)  No.  8, 
pp  17-24. 
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The  MC-130F  sampling  aircraft  is  instrumented  with  an  aluminum  foil  impact 
sampler  to  record  larger  Iroplets  or  crystals.  Since  such  large  particles  are 
ordinarily  rare  at  cirrus  altitudes  this  device  was  not  used  in  obtaining  the  lata 
described  in  a la*er  section. 

i\  levice  for  collecting  particles  on  a formvar  replicator  film  is  ordinarily 
utilized,  although  it  was  not  available  for  the  2d  October  flight  because  of  mrchanli  d 
problems.  The  advantage  of  formvar  for  collection  is  that  a permanent  replica  of 
particles  is  made  that  gives  valuable  detail  on  their  physical  structure.  This  is 
more  difficult  to  obtain  by  optical  methods.  Optical  detection  systems  and  • ontinuous 
replication  are  often  complementary.  The  hulk  of  optical  lata  can  he  ligitally  pro- 
cessed, some  in  real-time,  while  the  formvar  data  provides  greater  detail  but  must 
be  reduced  manually. 

To  obtain  a visual  estimate  of  the  intensity  and  type  of  ice  crystals  through 
which  the  aircraft  is  nassing  a metal  rod  or  "snow  stick"  with  a black,  flat  surface 
at  the  end  has  been  fabricated  to  protrude  out  the  fuselage  approximately  17  in.  into 
the  airstream.  Particles  of  ice  impinge  on  the  flat  surface  that  is  perpendicular  to 
the  airflow.  This  provides  the  meteorological  observer  a view  through  his  window 
of  a sample  of  the  type,  size,  and  number  of  crystals  being  flown  through. 

The  type  of  instrumentation  aboard  the  aircraft  and  the  location  of  some  of  the 
sensors  are  shown  in  Figure  2. 

The  remainder  of  this  report  describes  a particular  cirrus  sampling  flight  of 
the  MC-I30J,'  aircraft  on  2.9  October  1977  and  the  data  that  were  obtained  during 
the  flight.. 
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Figure  2.  Cloud  Physics  Instrumentation  Ahoard  Aircraft  4057  1 
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I.  SYNOPTIC  SITUATION 


The  surface  isobaric  pattern  over  the  mountain  states  was  relatively  weak  on 
29  October  1977,  the  day  the  sampling  mission  was  flown  near  I'enver.  The  pre- 
vious day,  a north-south  oriented  cold  front  had  started  to  move  inland  over 
Washington  and  Oregon.  By  the  morning  of  the  29th  it  extended  from  Central  Calif- 
ornia north  into  Eastern  Washington  and  was  continuing  slowly  eastward  resulting 
in  light,  rain  showers  over  Oregon,  Idaho,  and  Montana.  The  small  scale  features 
of  the  29  October  1200/.  synoptic  chart  are  shown  in  Figure  2 while  Figure  4 is  the 
corresponding  chart  for  24  hr  later. 

As  shown  in  Figure  5,  an  upper  level  trough  extended  along  the  coastline  of 
we-stern  North  America  resulting  in  a southwesterly  flow  over  the  western  states. 
The  southern  portion  of  the  trough  near  California  continued  moving  to  the  east, 
and  by  the  following  day  it  extended  northwesterly  from  New  Mexico  to  the  Alaska 
coastline.  The  lifting  induced  by  the  trough  was  favorable  for  the  formation  of  the 
cirrus  clouds  through  which  the  sampling  aircraft  flew. 

The  vertical  pattern  of  temperature  distribution  along  the  flight  path  is  shown 
in  cross-section  form  in  Figure  6.  Between  1200  (IMT,  when  the  temperatures  on 
the  figure  were  established,  and  the  time  of  the  actual  flight,  slightly  colder  air  had 
moved  into  the  sampling  area. 


Figure  3.  Synoptic  Surface  Chart  for  1200/,  29  October  1977 
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Figure  6.  Isotherms  (“Cl  Along  General  I-'light  Path  29  October  1977  as 
Determined  From  1200Z  Soundings  Along  Route 


Supplemental  data  indicated  broken  to  overcast  skies  over  most  of  Colorado 
with  ceilings  estimated  at  10,000  to  25,000  ft  (3050  to  7620  ml.  The  freezing  level 
was  near  12,000  ft  (3660  ml.  There  were  no  reports  of  the  heights  of  cloud  tops. 
Radar  reports  indicated  there  were  no  echoes  most  of  the  lay  in  the  area  except 
ahout  17357  when  light  rain  showers  or  thunderstorms  were  reported  over  the 
Colorado-!  tah  border.  At  the  approximate  time  the  aircraft  was  within  a few  miles 
of  Denver  (and  the  sampling  was  in  progress)  the  Denver  weather  report  indicated 
the  bases  of  overcast  clouds  were  estimated  at  25,000  ft  (7620  m),  the  visibility  was 
40  miles  (64  km),  the  temperature  was  65  F (19  0 and  surface  winds  were  170  at 
5 kts  (2.5  m sec  ').  Most  other  stations  within  at  least  100  miles  (170  km)  reported 
similar  weather  conditions  at  the  time. 

Figure  7 shows  plotted  sounding  data  for  12007  on  29  October  for  Grand  . function 
and  Denver,  respectively.  The  former  station  is  about  60  miles  (96  km)  from  the 
sampling  track  but  it  is  in  a direction  from  which  air  was  being  adverted  toward 
the  sampled  area. 
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!■' i pure  7.  (irand  Junction  and  Denver,  Colorado 
Sounding  Data,  1200/,  20  October  1077 


Figure  fi  is  a Defense  Meteorological  Satellite  Program  (DMSP)  picture  of 
general  cloud  conditions  over  the  southwestern  portion  of  the  l nited  States  at 
approximately  midday  on  20  October.  The  main  cloud  mass  feature  is  associated 
with  a high  level  jet  extending  to  the  northeast  from  over  Baja,  California. 


Figure  8.  Defense  Meteorological  Satellite  Program 
Visible  Picture  of  Western  United  States  (Midday 
29  October  1977) 

5.  TIIK  SAMPLING 

The  generally  good  visibility  reported  in  the  Denver  weather  observation  was 
also  mentioned  in  a comment  recorded  at  16447.  in  ihe  sampling  aircraft.  While 
still  a few  miles  east  of  Denver  at  23,500  ft  (7.  1 km)  the  Air  Force  Academy, 
some  70  miles  (112  km)  south  could  be  seen.  Other  notes  from  the  aircraft  voice 
tape  transcript  are  recorded  in  Figure  9. 

The  cirrus  sampling  considered  most  significant  was  begun  about  16507.  near 
Denver  and  continued  for  nearly  a half-hour  as  the  aircraft  continued  to  the  west 
northwest.  The  aircraft  altitude  was  between  24,  600  ft  (7.5  km)  and  25,  250  ft 
(7.7  km)  MSI.  luring  the  sampling  period.  Flight  altitude  temperatures  were 
between  -27  and  -31C  during  this  time.  Figure  10  shows  the  variation  of  aircraft 
altitude  and  outside  temperature  as  the  flight  progressed  in  the  sampling  area. 
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16:44:00  At  23,  500  ft  (7  162m).  In  clear.  Cirrus  all  quadrants. 

Visibility  100  mi.  Air  Force  Academy  visible. 

1G;45:10  Jet  contrails  above  that  are  below  higher  cirrus  layer. 

At  24,000  ft  (7315m). 

16:45:30  A cirrus  layer  above  estimated  at  36,000  ft  ( 10,  972m). 

Hut  there  is  also  cirrus  all  quadrants  at  lower  levels. 

16:50:50  Some  counts  in  cloud  probe. 

16:51:10  At  24,400  ft  (7437m).  Getting  into  bottom  of  a cirrus  layer. 

16:52:10  At  24,  500  ft  ((468m).  In  thin  cirrus. 

16:54:30  Monitor  on  cloud  probe  shows  bell  curve  distribution. 

16:56:20  Start  the  2 -D  sampler. 

16:58:50  2-D  shows  particles  100  to  200  pin  diameter. 

17:00:00  At  25,  000  ft  (7620m).  Definitely  in  cloud. 

17:01:00  In  stratified  cloud.  Can't  see  any  structure  above  or  below. 

Not  getting  anything  on  snow  stick. 

17:01:15  Getting  many  updates  on  2-D. 

17:01:25  Very  small  particles  visible  when  snow  stick  is  rotated. 

17:02:15  From  monitor  it's  difficult  to  tell  if  particles  are  bullet  rosettes, 

but  snow  stick  indicates  single  crystals,  small. 

17:03:35  Larger  particles  indicated  on  snow  stick  and  2-1). 

17:06:30  Clouds  look  thick  above  and  below.  Cannot  see  ground. 

Can  see  no  structure  in  clouds. 

17:07:00  Can  see  ground  and  snow  on  mountains  now. 

17:08:50  Some  fairly  large  stellars. 

17;10:00  Getting  into  thicker  clouds. 

17:11:30  Still  no  cloud  structure,  but  breaking  between  layers  of  clouds. 

Wing  tips  have  been  visible  whole  time.  Breaking  out  on  top. 

17:12:30  At  24,900  ft  (7589m).  On  top  of  one  cirrus  layer.  A higher  cirrus 

layer  is  above. 

17:13:10  Can  see  snow  covered  mountains  below. 

17:14:00  Very  few  particle  updates. 

17:14:30  1 - 1)  probe  does  not  indicate  any  particles. 

17:15:45  Scattering  probe  indicates  particles  across  the  spectrum,  but 
mainly  toward  smaller  sizes. 

Figure  9.  Notes  Transcribed  From  Mission  Director's  Voice  Tape  Comments 
During  29  October  1977  Sampling  Flight 
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Figure  10.  Variation  With  Time  of  Aircraft  Altitude  and 
Outside  Air  Temperature  During  2d  October  1977  Sampling 
Period 

At  17017.  the  aircraft  was  reported  to  be  in  a thin  stratified  cloud.  The  air- 
borne meteorologist  indicated  he  could  see  no  cloud  structure  above  or  below  his 
25,000  ft  (7.  6 km)  altitude  at  that  time.  The  ground  was  visible  for  one  or  two 
brief  times  during  the  sampling  period.  However,  at  17  127.  the  observer  indicated 
the  aircraft  was  briefly  above  one  cirrus  layer  at  24,  900  ft  (7.  6 km),  but  that  there 
was  another  layer  still  higher.  Contrails  were  occasionally  visible  above  the  air- 
craft, but  below  the  higher  cirrus  deck.  By  17  157.  most  of  cirrus  layer  being 
sampled  was  behind  the  aircraft  although  particle  counts  increased  again  shortly 
thereafter. 

The  smallest  particles  had  been  reported  at  the  beginning  of  the  sampling 
period  (16507).  There  had  been  a gradual  increase  in  particle  size  seen  on  the 
snow  stick  outside  the  aircraft  as  the  heaviest  (thickest)  portion  of  the  cirrus  layer 
was  traversed.  A 17  107  comment  indicated  the  aircraft  was  moving  into  some  of 
the  heaviest  cloud  seen  up  to  that  time,  hut  by  17  137.  snow-covered  mountains  were 
seen  below. 

6.  DATA  AND  FORMAT  DISCUSSION 

Several  small  but  representative  "shadow  graph  ' samples  recorded  by  the 
PMS  2-1)  probe  are  shown  in  Figure  11.  The  vertical  bars  throughout  the  samples 
are  each  800  |tm  in  the  y-axis  direction.  Software  considerations  of  Hie  sampling 
airspeed  have  insured  that  a given  distance  in  the  x-axis  direction  (which  is  also  a 
measure  of  the  time  a given  particle  occludes  a photodiode)  corresponds  with  the 
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same  distance  in  the  y-axis  direction.  Thus,  the  "shadow"  of  a given  particle  in 
Figure  11  represents  an  enlarged  view  of  the  original  shape  that  passed  through 
the  probe.  A scale  in  pm  is  given  on  one  of  the  samples. 
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Figure  11.  PMS  2-D  Particle  "Shadowgraphs"  During  29  October  1977 
Sampling  Flight.  Each  line  shows  examples  recorded  at  about  the 
indicated  time 
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The  smallest  partir  les  that  ran  he  recorded  by  the  2-1)  < loud  probe  arc  25  pm 
square.  The  second  line  of  Figure  11  recorded  at.  165)1:57  contains  sn  all  particles 
that  appear  to  be  about  as  small  as  those  possible  to  record.  Note  that  when  cloud 
particles  are  as  small  as  these,  the  vertical  bars  at  the  beginning  of  each  recorded 
particle  are  necessarily  closer  together  than  when  larger  particles  are  being 
recorded. 

The  sample  lines  of  2-1)  shadows  on  Figure  11,  which  are  in  chronological  order, 
provide  an  overview  of  the  variation  of  particle  size  rluring  the  sampling  flight.  As 
previously  mentioned,  the  smallest  particles  occurred  at  the  beginning  of  the  data 
run.  They  sporadically  increased  with  size  reaching  500  to  800  pm  in  size  by  the 
end  of  the  run  at  about  17  14X.  Very  shortly  after  this  time  no  further  shadowgraphs 
were  recorded.  The  horizontal  extent  of  the  cloud  had  apparently  been  exceeded  as 
the  aircraft  continued  westward. 

Based  on  some  of  the  patterns  in  Figure  11,  and  on  many  others  not  printed 
here,  it  was  determined  that  the  predominant  crystal  form  seen  in  this  cirrus  sample 

• | „ 1 C, 

was  bullet  rosettes  or,  as  termed  by  Magono  and  Fee,  combination  of  bullets. 

The  variation  of  particle  forms  in  the  2-1)  shapes  is  readily  apparent.  Many  appear 
to  have  an  approximately  round  shape,  probably  small  hexagonal  plates;  however, 
the  rosette  form  seemed  to  predominate.  The  sym etrically  shaped,  pristine  par- 
ticles outlined  in  Magono  and  Fee's  excellent  ice  crystal  classification  paper  were 
extremely  rare  in  the  cirrus  clouds  encountered  on  this  flight.  This  is  common  in 
our  general  experience. 

Computer  processed  (lata  from  the  three  PMS  1-1)  probes  are  included  in  Ap- 
pendices A and  B.  The  bulk  of  these  data  are  number  densities  of  various  sized 
particles  in  terms  of  number  per  cubic  meter  per  millimeter  of  bar  width.  (Bar 
width  will  be  explained  below.  ) Certain  additional  flight  information  such  as  the 
aircraft  pressure  level,  altitude,  temperature,  and  true  airspeed  (TAS)  are  also 
included  on  the  right  side  of  each  printout  sheet.  Summarized  data  for  two  sample 
start  times,  one  30  sec  after  the  initial  one,  are  included  on  each  page.  Figure  12 
provides  an  example  of  the  data  printout  format  with  the  explanations  of  particular 
elements. 

Although  the  data  printouts  in  Appendix  A are  summaries  for  30-sec  periods, 
the  sampling  interval  could  be  changed  in  the  future  to  provide  summarized  data  for 
shorter  or  longer  periods.  Fonger  period  examples  are  in  Appendix  B. 


15.  Magono,  C.  , and  Fee,  C.  W.  (1066)  Meteorological  classification  of  natural 

snow  crystals,  .lour.  Faculty  of  Sci.  , Hokkaido  Fniv.  , Series  VTI,  VOF.  II, 
4,  pp  321-361. 
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4 2.13EMJ7  47  1.65E*05  707  0.  ALT  f KM> 

(8) 6 1.97FM7  67  1.60E*05  1013  0.  7.66? 

1.17E*07  39  9. 77E»  04  1320  0. 


10  9 • 86E*  06  119  5.35EM4  1626  0.  TE*P  (C) 

12  8 . 04E » 06  1 29  3.28E704  1932  0 . -30.3 

14  6 . ?2E»  06  149  T.5i,Et03  22  37  0 . 

16  4 . 67E»  06  169  7.  10E  + 03  2544  0.*  0EWP  (C) 

19  6.74F»06  189  9.69E»02  2649  0. 

?!)  3.63E«-06  210  1.06E*03  31  66  0. 


22  3.11E»06  231  1.15E*03  3462  0.  TAS  (M/S) 

24  ? . 86E*  06  261  1.28E»03  3768  0.  116.6 

26  3 . 1 1E»  06  2?1  0 . 40  7 3 0 . 


1.  Flight  number  and  date  of  flight. 

2.  Length  of  sample  over  which  particle  concentrations  are  determined. 

3.  Time  sampling  began;  completed  30  sec  later. 

4.  Concentrations  are  in  number  of  particles  per  cubic  meter  per  millimeter 

bar  width  (see  text  for  discussion  of  bar  width). 

5.  Particle  type  is  determined  after  other  data  are  examined.  In  this  case 
bullet-rosettes.  Other  possibilities  Include  rain,  plates,  small  snow, 
columns,  needles,  aggregates  and  rimed  dendrites. 

6.  Mean  maximum  size  of  particles  In  micrometers  (see  text). 

7.  "Scattering",  "Cloud",  and  "Precipitation"  probes  are  used  in  determining 
concentrations  of  particles  in  the  size  ranges  2-30  urn,  26-312 u m and 
402-4686  um,  respectively. 

8.  Typical  concentration:  1.17  x 107  particles  per  cubic  meter  per  bar  width 
are  8 u m In  size. 

9.  Total  liquid  water  content  in  grams  per  cubic  meter  for  each  of  the  three 
probes.  Scatter  probe  particles  are  assumed  spherical  with  density  *1. 

10.  Equivalent  melted  diameter  (in  uro)  of  a particle  having  a mass  at  the 
median  value  of  each  probe‘s  LWC. 

11.  Sum  of  cloud  and  precipitation  probe's  LWC,  but  excludes  contribution  of 
the  four  largest  cloud  probe  channels  (i.e.,  at  251,  271,  291  and  312  um) 
that  overlap  the  contribution  of  the  smallest  (402  urn)  precipitation  channel. 

12.  Equivalent  melted  diameter  (in  urn)  of  a particle  having  a mass  at  the 
median  of  the  combined  cloud  and  precipitation  probe's  total  LWC  value. 
Contributions  of  the  four  largest  cloud  probe  channels  are  excluded. 


Figure  12.  Description  of  Cirrus  Study  Data  Format 
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I :tih  of  the  three  probes  records  the  n tual  number  'if  part  it  I*'-,  observed  in 
' ( • i ■ ■ ;,i  i r;..  atej  >rit  . ' nj  th<  g<  11  etj  ropertit  if  tht  1 1 plinj  1 1 • 

'including  a consideration  of  iir  peed)  the  actual  number  of  particles  is  converted 
to  1 number  per  unit  voluc  e.  Because  of  large  lifferen'  es  in  sampling  yolumes  m l 
. i/e  1 la-,  s //  i I*  hs  between  'tie  three  uhcs  * tie  raw  data  :■  ust  tie  a delated,  t o a 
tandard  volume  and  particle  bandwidth  before  combining  the  lata  to  give  the  roc  - 
plete  spectra. 

For  this  reason  the  c omputations  of  partic  le  c oncentration  have  been  further 
normalized  by  dividing  by  the  width  ("bar  widtli")  'if  < aeh  c hannel.  This  allows  1 
determination  'if  partic  le  number  for  partieles  of  all  izes  per  unit  distance  traveled. 
It  also  permits  a better  comparison  of  partjc  le  concent  rat  i on  without  rons  ideration 
of  the  width  of  the  c hannel  that  recorded  the  parti'  les. 

| he  actual  number  of  particles  in  a given  channel  maybe  leterm  ined  by  mul- 
tiplying a spec  ific  c oncentration  value  in  the  lata  tables  hy  the  width  of  the  c hannels, 
d he  third  sc  itter  probe  channel,  for  exan  file,  records  partic  les  near  the  fi  pri 
value,  its  width  extends  from  half  the  distance  to  the  next  lower  channel  (down  to 
f>  prut  to  half  the  listanc  e to  the  next  higher  ' hannel  (up  to  7 pin),  or  a total  of  2 pn 
in  width. 

The  total  mass  or  li')uid  water  c ontent  (l.W(’)  of  the  partic -|es  recorded  hy  t he 
c loud  and  prec  ipitation  probes  is  determined  by  a computer  < aleulation  that  equiva- 
lently  "melts"  all  ice  partic  les  in  a unit  volume  (I  m ).  The  niinute  particles 
reeorde'l  by  the  scattering  probe  are  considered  to  be  round  and  to  have  a mass 
equal  to  equivalent  sized  liquid  drops.  Cunningham  ’ has  considered  the  computa- 
tions to  convert  frozen  partic  le  sizes  to  melted  equivalent  diameters  for  the  two 
larger  probes.  'I  be  power  functions  used  in  this  procedure  at  AFCI  are  given  in 
Table  3. 

It  is  important  to  r ealize  that  the  sizes  of  ( loud  and  prec  ipitation  probe  partic  les 
given  in  Figure  1 2.  and  in  the  attached  lata  sheets,  are  the  maximurr  shadow  lengths 
of  the  ac  tual  ice  crystals  as  they  pass  through  the  probes.  These  are  letermined 
hy  'tie  number  of  Modes  occluded  by  the  shadow  plus  c ertain  geometric  corrections. 
For  partic  les  passing  through  the  scattering  probe  it  is  assumed  that  the  instru- 
ment’s calibration  for  spheric  al  water  drops  applies. 

The  computer  processing  of  the  raw  I’MS  data  produces  information  on  the 
equivalent  melted  diameter  for  each  sampling  c hannel,  but  this  is  not  included  in 
this  report  — except  as  a single  mean  value  for  each  probe  and  as  an  overall  value 
for  the  cloud  and  precipitation  probes  combined. 


16.  Cunningham,  K.  M.  (078)  Analysis  of  particle  spectral  data  from  optical  array 
(CMS)  II)  and  21)  sensors,  in  Creprints  of  AMS  Fourth  Symposium  on 
Meteorol ogjral  Observations  and  Instrumentation,  Itenver.  Colorado. 
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Table  3.  Equations  Used  to  Correct  Particle  Size  (I.)  to  Melted 
Diameter  (D).  D - AI,  , Units  in  mm 


Particle  Tvpe 

A 

B 

Breakpoint  (L) 

Hain 

1 

1 

- 

Wet  Snow 

1 

1 

LE  1 mm 

Wet  Snow 

1 

. 65 

GT  1 

Large  Snow 

. 4 

.78 

LE  1 

Large  Snow 

. 4 

. 88 

GT  1 

Small  Snow 

. 4 

.78 

LE.  5 

Small  Snow 

.37 

. 67 

GT  . 5 

Bullet  Rosettes 

. 26 

. 67 

LE  . 2 

Bullet  Rosettes 

. 44 

1.0 

GT  . 2 

Colum  ns 

. 44 

1.0 

- 

Needles 

. 26 

. 67 

- 

Plate  Family 

. 34 

.78 

LE  1 

Plate  Family 

. 34 

. 68 

GT  1 

Aggregates  of  Plates  and 

. 34 

.78 

LE  1 

Dendrites 

. 34 

. 68 

GT  1 

Dendrite  Family 

. 34 

.78 

- 

( Iraupel 

. 60 

.91 

LE  . 4 

Graupel 

. 49 

. 68 

GT  . 4 

Rimed  Dendrite 

. 85 

1. 0 

LE  . 2 

. 42 

. 56 

> . 2 < 2. 0 

.31 

1. 0 

GT  2.0 

From  the  equivalent  melted  diameter  information  for  each  channel  Ihe  liquid 
water  content  (l,WC)  is  calculated  once  per  averaging  interval  using  the  average 
particle  number  density.  The  equation  used  for  this  calculation  is 
15 

•'wc  sum  0 Ni  ui3 

where 

_3 

p water  density  ( 1 g cm  ) 

N.  number  density  for  channel  i 

i J 

D.  center  diameter  for  channel  i (in  mm)  . 


*•  ■t- 
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The  LWC  (in  g/m'S  total  is  given  in  the  lata  printouts  at  the  bottom  of  the  lata 
column  for  each  nrobe.  The  "Total"  LWC  (in  g/m'  ) in  the  bottom  right  corner  of 
each  printout  is  the  total  value  for  the  cloud  and  precipitation  probes  less  any  over- 
lapping range.  Because  of  the  deletion  of  the  overlapping  amount  the  Total"  LWC 
value  will  occasionally  be  slightly  less  than  the  amounts  indicated  for  either  of  the 
probes  individually.  The  median  volume  liameter  of  all  melted  particles  is  the 
diameter  where  the  mass  (LWC)  of  all  the  particles  smaller  than  it,  is  one-half  of 
the  total  mass  of  the  sample  being  considered.  It  is  found  by  summing  the  mass  of 
each  channel  until  the  sum  equals  one-half  the  total  mass.  The  equivalent  mean 
diameter  (in  pm)  of  all  the  particles  in  one  sample  is  found  on  the  printouts  and  on 
Figure  12  at  the  bottom  of  the  columns  applying  to  each  probe.  The  diameter  value 
under  "Total"  in  the  bottom  right  of  each  printout  is  based  on  the  combined  cloud 
and  precipitation  probes'  LWC.  Since  the  overlapping  part  of  the  combined  LWC 
value  is  deleted  the  "Total"  diameter  will  sometimes  be  the  same  or  slightly  less 
than  corresponding  diameters  listed  for  either  of  the  two  probes  separately.  Data 
from  the  scattering  probe  are  not  used  in  computations  involving  the  " Total"  LWC 
and  diameter  values  in  the  bottom  right  of  each  printout. 

Based  on  these  two  "Total"  values  for  each  30-sec  sample  the  plots  of  their 
variation  with  time  during  the  29  October  flight  ate  shown  on  Figure  13  (a  and  b). 


Ol I I I I 1 1— 

1650  1658  1706  1714 

TIME  (GMT) 


Figure  13.  Variation  of  Liquid 
Water  Content  and  of  Diameter 
if  Particles  Having  a Mass 
Fquivalent  to  the  Median  of  the 
Crystal  Particles  That  Were 
Actually  Observed.  Determined 
from  probes  recording  particles 
between  approximately  26  and 
■1700  pm 
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Although  one  is  plotted  on  a logarithmic  scale  and  the  other  on  a linear  scale  there 
is  an  overall  correlation  between  the  two  curves  as  shown  in  the  slight  increases  in 
both  between  approximately  1652  and  17  12/..  Also,  a peak  value  occurs  in  both 
plots  at  17  147,  just  before  each  falls  to  a minimum.  However,  the  very  rapid  in- 
crease in  l,WC  at  1651  and  the  valley  at  17  137.  are  riot  reflected  in  similar  changes 
in  the  mean  diameter  values.  The  gradual  increase  of  particle  size  with  time  that 
seemed  apparent  in  the  Figure  11  2-1)  shadowgraphs  is  also  reflected  iri  both  por- 
tions of  Figure  13,  In  general,  the  LWC  plot  appears  more  responsive  to  actual 
particle  density  changes  in  view  of  the  variations  on  l it; ure  13a,  although  this  may 
be  somewhat  disguised  through  use  of  the  logarithmic  scale. 

Figure  14  (a  and  b)  was  developed  to  show  the  variation  with  time  or  concentra- 
tions of  particles  of  a particular  size.  The  specific  channel  sizes  plotted  were 
chosen  as  representatives  of  their  particular  probe.  The  16  pm  channel  is  near 
the  midpoint  of  the  scattering  probe;  the  67  and  251  pm  channels  are  Trom  the  cloud 
probe,  and  the  precipitation  probe  is  represented  by  the  707  pm  channel  curve. 


Figure  14.  Variation  of 
Particle  Concentration  of 
Four  Specific  Sampling 
Channels 
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The  overall  temporal  variations  of  particles  in  the  three  smallest  channels  on 
Figure  14  (aaridb)  arc  similar  in  that  they  r ise  above  the  zero  level  at  cbout  the 
same  time,  remain  generally  within  an  order  of  magnitude  of  a mean  value  for  about 
25  min,  and  then  descend  in  magnitude  to  a lower  level.  The  small -interval  c hanges, 
however,  are  many,  and  indicate  considerable  independence  in  the  up  and  down  trends 
between  the  various  sized  particles.  In  this  sample  the  smallest  sized  particles 
displayed  the  least  variation  in  density  with  time.  Figure  14  (a  and  b)  shows  that 
as  the  size  of  the  particles  increased  from  16  up  to  707  pm  the  amplitude  variations 
became  greater  (with  greater  peaks  and  deeper  valleys).  It  is  not  known  whether 
this  is  typical. 

The  c hange  in  concentration  of  the  707  pm  sized  particles  in  Figure  14b  appears 
to  be  almost  completely  independent  of  the  variation  of  smaller  partic  les.  It  does, 
however,  hegin  to  increase  at  17007.  shortly  after  the  26  1 pm  curve  begins  to  rise, 
and  it  also  clips  significantly  at  17  127.  when  the  three  other  c urves  show  a similar 
drop.  The  17  127.  drop  in  concentration  is  directly  correlated  with  the  drop  in  I.WC 
seen  on  Figure  12a  at  the  same  time. 

The  plots  in  Figure  15  show  the  variation  of  liquid  water  c ontent  (I.WC)  for 
eacdi  of  the  three  probes  plus  a plot  of  "Total"  values  from  the  cloud  and  precipita- 
tion probes  (excluding  overlapping  channels  in  the  cdoud  probe).  Figure  15d  is 
simil;ir  In  Figure  J3a,  but  on  a slightly  different  scale.  These  I.WC  vs  time  plots 
have  variations  similar  to  those  displayed  by  the  temporal  changes  of  concentration 
in  Figure  14  (a  and  b).  The  sc  atter  probe  changes  are  approximately  in  phase  with 

those  of  the  cloud  probe,  but  the  former's  contribution  of  mass  is  about  an  order  of 
-2  -2  2 

magnitude  less  (10  vs  10  g/m'  ).  The  I.WC  determined  by  the  precipitation 
probe  increased  markedly  from  approximately  16527.  until  17  147,  and  then  fell 
rapidly. 

The  "d  otal"  I.WC  curve  in  Figure  15d  increases  only  slightly  during  the  sampl- 
ing period  reflecting  the  relatively  high  contribution  of  the  cloud  probe  in  the  initial 
minutes,  then,  as  it  began  to  decrease,  the  increasing  c ontribution  of  the  precipita- 
tion probe  in  the  final  minutes,  The  increasing  I.WC  of  this  latter  probe  at  about 
1706  to  17  107.  appears  to  correlate  well  with  transcript,  notes  that  indicated  particles 
were  visible  on  the  snow  stick  and  that  the  c loud  was  relatively  thick. 

Longer  term  data  averages  than  the  20-sec  values  of  Appendix  A are  given  in 
Appendix  It.  The  latter  appendix  contains  1-1)  data  printouts  for  periods  varying 
from  1 to  18  minutes.  The  specific  periods  selected  were  largely  based  on  the 
values  shown  in  Figure  15.  From  another  cirrus  report  being  prepared  it  has  been 
found  there  is  general  agreement  between  periods  of  reduced  visibility  and  higher 
values  of  liquid  water  c ontent  measured  by  the  precipitation  probe. 
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Some  plots  of  number  density  as  a function  of  particle  size  for  specific  sample 
times  are  shown  in  Figure  16  fa,  b,  r,  and  d>.  These  are  essentially  pictorial 
representations  of  some  of  the  tabular  data  that  are  given  in  the  Appendix.  Data 
from  each  of  the  three  probes  are  plotted  if  they  recorded  any  particles.  In  the  case 
of  Figure  16  (a  and  bt  there  were  no  particles  observed  by  the  precipitation  probe, 
and  only  data  from  the  other  two  probes  are  shown. 


SIZE  IN  fim 

Figure  16.  Particle  Concentration  as  a Function  of 
Particle  Size  for  Two  Sampling  Times,  (a)  Initial 
contact  with  bottom  of  cirrus  layer;  (b)  into  thin  cirrus 
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Figure  16.  Particle  Concentration  as  a Function  of 
Particle  Size  for  Two  Sampling  Times,  (c)  Time 
when  visibility  further  reduced,  (d)  time  when  I.WC 
and  median  diameter  reached  peak  for  the  sample 
period 


In  most  cases  it  is  believed  the  gaps  shown  between  the  curves  for  the  three 
probes  may  be  bridged  by  simple  linear  interpolation  between  the  highest  channel 
of  one  probe  and  the  lowest  channel  of  the  adjoining  one.  For  example,  the  350  pm 
value  of  number  density  of  the  precipitation  probe  on  Figure  16c  or  d may  be  linked 
to  the  300  pm  value  of  the  cloud  probe.  Often,  however,  the  data  gap  in  number 
density  between  adjoining  probes  seems  excessive.  Considerable  study  has  been 
conducted,  and  is  continuing,  on  the  advisability  of  making  certain  processing 
changes  that  would  reduce  the  gap  between  curve  segments  and  lead  to  a more 
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smooth  1 1 ansition  r on  entratton  values  from  large  to  small  particle  sizes.  This 

may  ntually  ho  off*  *rd  by  altering  the  output  values  of  the  s"  allest  one  or  two 

•hi if  the  clou  ! and  precipitation  probes.  Such  a change,  if  effected,  should 

result  in  inly  minor  revisions  of  the  median  diameter  and  liquid  water  rontent  values 
in  this  report. 

Figure  16  (a  and  b>  shows  concentration  vs  size  lata  in  a cirrus  cloud  that  be- 
came gradually  heavier  as  the  flight  progressed.  A transcript  note  < ont-urrent  with 
data  in  Figure  16a  indicated  the  aircraft  was  just  coming  into  the  bottom  of  the 
cirrus  layer.  Visibility  was  barely  reduced  at  this  time.  By  the  time  data  in  Fig- 
ure 16b  were  recorded,  however,  a transcript  note  indicated  the  aircraft  was  def- 
initely in  the  cirrus  layer  and  visibility  was  presumably  reduced.  Particles  corres- 
ponding in  various  size  classes  had  increased  in  number  about  half  an  order  of 
magnitude  between  the  times  represented  by  Figure  16a  and  Figure  16b. 

Figure  16c  represents  data  recorded  at  a time  when  an  aircraft  log  note  indi- 
cated that  the  cirrus  was  relatively  thick.  The  I.WC  was  also  at  a relatively  high 
plateau  at  that  time.  Although  the  number  concent  rations  at  sizes  below  150  pm 
had  not  changed  appreciably  from  the  time  represented  by  Figure  14b,  the  concen- 
trations in  the  cloud  probe  greater  than  that  size  did  increase.  There  was  also  an 
increased  concentration  of  larger  sized  particles  recorded  by  the  precipitation  probe 
at  the  later  time. 

The  greatest  total  liquid  water  content  value  and  equivalent  melted  diameter 
during  the  sampling  were  recorded  about  1714X,  shortly  before  they  both  decreased 
rapidly.  Figure  16d  shows  the  concentration  of  particles  by  size  at  this  time.  There 
was  very  little  difference  in  scatter  and  cloud  probe  data  between  those  in  Figures 
16b  and  d;  however,  the  precipitation  probe  data  in  the  latter  figure  is  significant 
and  correlates  well  with  the  large  droplets  seen  at  this  time  in  the  2-1)  output  in 
Figure  11. 

7.  CONCLUDING  COMMENTS 

The  purpose  of  this  report  has  been  both  to  describe  briefly  some  previous 
research  in  the  field  of  cirrus  particles  and  to  present  the  results  of  one  sampling 
flight  through  cirrus  by  the  AFG1.  instrumented  MC-130F  aircraft.  While  previous 
work  in  this  area  has  not  been  extensive,  an  increasing  number  of  investigators 
appear  to  be  interested  in  cirriform  clouds.  This  is  partly  due  to  improved  instru- 
mentation and  also  to  an  increased  realization  of  the  importance  of  this  type  cloud 
in  the  economy  of  overall  cloud  cover  over  the  earth. 

The  cloud-physics  instrumentation  on  our  MC-130F  permits  a variety  of  en- 
vironmental measurements  to  be  made  and  tape  recorded  for  study  and  evaluation. 
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For  cirrus  study  the  nnc-  and  two-dimensional  spectrometers  arc  particularly 
valuable  in  providing  information  on  the  size,  concentration,  and  shape  of  narticles 
that  comprise  the  visible  (and  sometimes  not  \isible'  cloud  mas  . Iron  -uch 
measurements  the  liquid  water  content  of  the  it  i:  os  phi  re  an  he  .1  dated. 

In  the  2 h October  1077  flight  a cirrus  cloud  of  varying  lensitv  v.  a ^111  ole  I for 
slightly  less  than  one-half  hour.  Particle  data  averages  for  30-se.  onsecutivi- 
periods  luring  the  sampling  are  presented  in  this  report.  Plots  >f  the  variation  with 
time  of  liquid  water  content  and  of  the  equivalent  it  elted  liameter  of  particles  re- 
flect continual  change;  however,  they  are  both  greatest  at  approxit  itelv  tin  time 
the  aircraft  meteorologist  indicated  visibility  was  least.  I he  1 eteorologi st’s 
estimation  of  ( loud  intensity  was  best  correlated  with  liquid  water  ontent  \ iriations 
recorded  bv  the  precipitation  prohe  and  much  less  with  those  hv  the  lou  I probe  m I 
scattering  probe. 

The  2-1)  probe  printout  of  ice  crystal  sizes  and  shapes  in  the  lorn  of  "shadow- 
graphs" showed  very  few  particles  to  he  recognizable  :n  cording  to  known  lassifi.  a- 
tion  types.  While  the  majority  of  those  identifiable  were  bullet  rosettes  with  1 few 
plates  and  columns,  many  could  only  he  eonsidered  to  he  in  a miscellaneous  . ategor\ 
that  contained  an  assortment  of  shapes. 

Additional  sampling  flights  through  cirrus  c louds  have  recently  been  ondurte  I 
by  AFGL  for  the  Air  Force  Weapons  Laboratory,  Further  reports  on  the  cirrus 
particle  spectrum  are  planned. 
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Appendix  A 

30  Second  Data  Averages 

Average  cirrus  particle  concentration  data  arc  given  for  consecutive  30-set 
periods  in  the  following  tabulations  for  a sampling  flight  over  Colorado  on  20  October 
1077. 
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AFWL  CIRRUS  STU9Y  3 Y AFG  L 


FLIGHT  E 7 7-51  ON  ?9  OCT  77  SO  SEGONO  A VERAG ING 

IN*CRVAL  FT  APT  *16(49101* 

F ART  I CL  £ SI  ?E  II^TRIBUTIONS  (NUMBE  R / M*  * 3-MN  > 

TYPE!  BULL-ROSE 


SI7E 

SCATTER 

SI2E 

CL  OHO 

SI  Zt 

PRECIP 

( H'J  > 

F ROBE 

(Ml)) 

PP03E 

(M'J) 

PROBE 

P (M9) 

384.  2 

2 

2 • 5 TEH)  8 

*6 

0. 

602 

0 . 

% 

2 . 61E*  OS 

4* 

0. 

TOT 

0. 

ALT  (KM) 

6 

2. 61E*05 

ST 

0. 

10  IT 

0. 

7.46T 

8 

5. 21E605 

38 

0. 

1320 

0. 

1 0 

0 . 

108 

0. 

16  2 5 

0. 

T'EMP  (C) 

12 

0. 

128 

0. 

19  1? 

0 . 

-76. T 

14 

0 . 

169 

0. 

2?  T7 

0. 

16 

0 . 

169 

0. 

2546 

0 . 

DEMP  (C) 

IS 

0. 

189 

0. 

28  49 

0. 

20 

0 . 

218 

0. 

T 1 55 

0. 

22 

0 . 

280 

0. 

3462 

0. 

TAS  (M/SI 

26 

0 . 

251 

0. 

3766 

0. 

115.8 

26 

0 . 

2TI 

0. 

40  M 

0. 

26 

0 . 

291 

0. 

4379 

0. 

30 

0. 

T12 

0. 

46  36 

0. 

TOTALS 

LWC 

2. ATE-06 

0. 

0. 

0. 

MEO  0 

2 

0 

0 

0 

PARTICLE 

INTERVAL  START  *16149131* 

SIZE  OI^TRIBUT IONS  (NUMBER/M* • 3-1M) 
TYPE  I BULL-ROSE 

SIZE 

SCATTER 

SIZE 

CLOUD 

SI  7E 

PRECIP 

(MU) 

FPOBF 

(M'J) 

PP03E 

(MUI 

PROBE 

P (MB) 
383.3 

2 

2.90EM3 

P6 

0. 

4 07 

0 . 

4 

5. 21E*  05 

4f 

0. 

T 0 7 

0. 

ALT  (KM) 

6 

2.61E+05 

67 

4 . 5 8E*  0 3 

1013 

0. 

7,483 

6 

2 . 61E»05 

88 

5.46E*03 

13  20 

0. 

10 

2.61E»05 

103 

3.T1E*03 

1625 

0. 

TEMP  (Cl 

12 

0 . 

123 

1.37E*  03 

19  3? 

0 . 

-27.1 

14 

0. 

149 

0. 

22  3T 

0. 

16 

0 . 

169 

3 .922*02 

2544 

0. 

D EWP  (C) 

18 

0. 

139 

0. 

20  49 

0. 

70 

0. 

210 

0. 

31  55 

0. 

22 

0. 

2 JO 

0. 

346? 

0. 

TAS  (M/S) 

24 

0 . 

251 

0. 

3T68 

0. 

115.9 

26 

2. 61F»05 

271 

0. 

40  73 

0. 

28 

0 . 

291 

0. 

4379 

0. 

30 

LHC 

MEO  0 

0 . 

T.T3E-06 

25 

312 

0. 

2.78E-05 

56 

4636 

0. 

0. 

0 

TOTALS 

2.T8E-05 

56 

38 


AcHl  CIRRUS  STUOY  BY  *r;L 


flight  err 

panicle 

-Ft  on  29  OCT  T7  JO  Sr  COHO  AVERAG 

INTr*w*i_  STAPT  *16I50I01* 

SI7E  0ISTRI3UTI0NS  (NUM8E </ M* • J-MM ) 
TYPE l BULL-ROSE 

ING 

SIZE 

SCA  TTER 

SI  7C 

ClOUO 

SI  7E 

PPECIP 

(MU) 

EP09E 

( MU) 

PROBE 

(MU) 

PPOBF 

P (MB) 
333.  1 

2 

J. 04F»  08 

’6 

0. 

402 

0. 

4 

5.21E*C5 

4T 

1.95E»04 

70  7 

0. 

ALT  (KM) 

6 

2. 61E*  05 

67 

4.58E»03 

10  1 J 

0. 

7.485 

8 

7.82E»05 

38 

5. 46E*  0 3 

1320 

0. 

to 

2 .61E*  05 

103 

1.86E*  05 

1625 

0. 

TEMP  (C) 

12 

2. 61EM5 

128 

1.  J7F*03 

19  32 

0. 

-27.  J 

1<* 

0 . 

149 

0. 

2237 

0. 

16 

2.61E»05 

169 

8. 92E*  0 2 

2544 

0. 

HEMP  (C) 

13 

0. 

139 

0. 

2849 

0. 

20 

0. 

213 

0. 

*155 

0. 

22 

2. 61E»  OS 

7 JO 

0. 

346? 

0. 

TAS  (“/S’. 

24 

0. 

251 

0. 

3748 

0. 

115.8 

26 

2 . 61E*  05 

’rl 

0. 

40*3 

0. 

28 

0. 

’91 

0. 

43*9 

0. 

30 

LWC 

MEO  D 

0 . 

1 .26E-05 

21 

312 

3. 

J.16E-05 

51 

46  36 

0. 

0. 

0 

TOTALS 
3.1 6E-05 
51 

PARTICLE 

INTERVAL  START  *161501317 
ST7F  OISTRI  BUT  IONS  (NUMBER/ 
TYPE)  BULL -ROSE 

> • • 3-NM ) 

SIZE 

SCATTER 

SI’E 

CLOUO 

SI  ZE 

PRECIP 

( MU  1 

erob: 

( MU) 

PROBE 

(MU) 

.•'ROBE 

P 1MB) 
382.9 

2 

2 . 98E»  08 

’6 

0. 

41? 

5.40E-91 

4 

2 . 61E*  06 

47 

9. 7 7E»  0 3 

707 

0. 

ALT  (KM) 

6 

2. 0 8EM6 

6? 

1.  3 3E04 

10  13 

0. 

7.490 

8 

5 . 21E*  05 

83 

2 . 7 3"»  0 3 

1320 

0. 

10 

2 . 61E*  05 

183 

3.7iE»03 

1625 

0. 

TEMP  (C) 

12 

5.21E»05 

123 

2. 75E»03 

19  3? 

0. 

-27.3 

14 

0. 

149 

3. 25E*  03 

2?  37 

0. 

16 

7. 82£*05 

149 

9. 

2544 

0. 

OEWP  (C) 

18 

2 . 61E*  05 

139 

0. 

2849 

0. 

20 

0. 

?11 

0. 

3155 

0. 

22 

0. 

230 

■J  • 

3462 

0. 

TAS  (M/S) 

24 

0. 

251 

1 . ?8£*  0 J 

3768 

0. 

115.9 

26 

0. 

271 

0. 

40  73 

0. 

23 

0. 

291 

0. 

43  79 

0. 

30 

LMC 

MEO  O 

0. 

9.53E-05 

15 

31? 

0. 

6. 98E- 05 
65 

4b?4 

0. 

4 . 7 ?£  - 0 7 
176 

TOTALS 
5. 20E-05 
57 

39 


AcWL  CIRRUS  STUDY  by  AFjL 


FLIGHT  F77-51  ON  29  OCT  77  30  SECOND  AVFRAGING 

INTERVAL  START  •16151101* 

PARTICLE  SI7E  DISTRIBUTIONS  (NUM3ER/M»» 3-MM) 

TTPFt  DULL-ROSE 


SIZE 

scatter 

SIZE 

CLOUD 

SIZE 

FRECIP 

( NU) 

PROBE 

1 MU) 

PROBE 

(HU) 

PROBE 

P (MB) 

382.  0 

2 

2 . 2 8E  * 0 8 

■>6 

7.41E*0*. 

402 

1 . 0 8F*01 

4 

8 . 07E*06 

47 

3.90E*04 

707 

0. 

ALT  (KM) 

6 

2 . 86F*  06 

67 

4 .5  8E*  04 

10  13 

0. 

7.507 

8 

4. 17E*  06 

33 

4..36E*  04 

1320 

0. 

10 

1.  04EM6 

IDS 

2. 9 7E*  0 4 

1675 

0. 

TEMP  (C) 

12 

1 . 82E*  06 

1 28 

1. 1 0£*  04 

19  32 

0. 

-27.5 

14 

1 . 56E*06 

149 

1.1 9E* 04 

22  J7 

0. 

16 

1 . 30EH6 

169 

4. 46E*  0 3 

2544 

0 . 

OEWP  (C) 

18 

2 . 34E*06 

189 

4.81E*0  3 

2849 

0 . 

20 

7 . 81E*05 

711 

3.1 5E*  0 3 

3155 

0. 

22 

1. 04F*06 

2 30 

1 . 1 6E*  0 3 

3462 

0. 

TAS  (M/S ) 

24 

7. 61E»05 

751 

1.78E*03 

3768 

0. 

116.0 

26 

5 . 2 IE*  05 

7T1 

0. 

40  73 

0 . 

28 

7 . 6 IF* 15 

791 

0. 

4379 

0. 

30 

2 • 60F*  05 

312 

0. 

4686 

0 . 

TOTAL* 

LHC 

9. 09E-05 

3. 76E- 04 

9.4  3E-0  7 

3.59E-04 

MED  D 

21 

62 

176 

61 

INTERVAL  MART  *16151131* 

PARTICLE  SIZE  DISTRIBUTIONS  (NU M BE R / N * * 3- MMI 
TYPE*  BULL-ROSE 


SITE 

SCATTER 

ST7E 

CLOUD 

SIZE 

PRECIP 

(MUI 

PROBE 

(MU) 

PROBE 

(MUI 

PROBF 

P (MB» 

380.6 

2 

1 • 4 7t  * 0 5 

26 

3. 33E*05 

4 02 

1 . 6 2E*0  0 

4 

1 . 66E  * 0 7 

47 

2. 34E*  0 5 

707 

0. 

ALT  (KM) 

6 

1 . 56F * 07 

67 

2.01E*05 

1013 

0. 

7.537 

8 

1 ,20E»07 

88 

1 . 1 2E*  0 5 

1320 

0 . 

10 

1 . 04E*  0 7 

1 08 

8 . 1 5E*  04 

16  75 

0. 

TEMP  (Cl 

12 

8 . 32E*  06 

123 

4. 66E*  04 

19  32 

0. 

-27.7 

14 

4 . 68E  * 06 

149 

1 .08E*  04 

27  37 

0 . 

16 

4 • 94E*  06 

169 

1.5  IE*  04 

2544 

0. 

OEWF  (C) 

18 

6.5  OE*  06 

189 

4.81E*03 

2o  49 

0. 

20 

3 • 64F*  06 

711 

5 . 74E*  0 3 

31  55 

0. 

22 

2 • 60E  *06 

2 30 

4.61E*03 

3462 

0 . 

TAS  (M/S) 

24 

1. 56E*  06 

751 

5.1 3E*03 

3768 

0. 

116.1 

26 

2 . 86F*  06 

271 

1 . 44E*  0 3 

4073 

0. 

28 

2. *4E* 16 

291 

0. 

4379 

0. 

30 

3 . 1 2E  ♦ 0 6 

312 

0. 

4686 

0. 

TOTALS 

LHC 

3. 89E-04 

1 . 1 IE-03 

1.41E-06 

1.01E-03 

MED  D 

25 

58 

176 

56 

40 


APML  C MRUS  STUDY  BY  AF3L 

FLIGHT  Err-Sl  ON  ?9  OCT  77  JO  SECOND  AVERAGING 

INTERVAL  START  *16157101* 

PARTICLE  SIZE  DISTRIBUTIONS  (NUMBER/*** 3-MM) 


TYPE*  BULL-ROSE 

SIZE 

SCATTER 

SITE 

CLOUD 

SIZE 

PRECIP 

(MU) 

PROBE 

(MU) 

PP09E 

(MIJ) 

PP.08E 

P (HB) 

380.5 

2 

6 . 2 9E  * 0 Z 

26 

4. 4 4E*  05 

402 

2. 1 5E*0  0 

4 

3 • 14E*  0 7 

4F 

3 • 0 2E*  0 5 

FOF 

0. 

alt  (KM) 

6 

2. 74E*07 

6F 

2 • 42E*  0 5 

10  13 

0. 

7.534 

8 

2. 18E*  OF 

33 

1. 8 2E*  0 5 

1320 

0. 

10 

1 . 87E*07 

103 

1 . 44E*  05 

1625 

0. 

TEMP  (C) 

12 

1 • 40E*  OF 

123 

9 • 7 3E»  04 

1932 

0. 

-27.5 

14 

8.  0 6E  * 0 6 

149 

6.47E*04 

22  37 

0. 

16 

8. 06E ♦ 06 

169 

3. 9 IE*  04 

2544 

0. 

OENP  (C) 

18 

5 • 46E*  0 6 

189 

1.92E*04 

2849 

0. 

20 

4.42E*  06 

210 

1.15E*04 

31  55 

0. 

22 

4 • 4 2F*  06 

230 

1 • 77E*  04 

3462 

0. 

TAS  (M/S) 

24 

3.9(<E*08 

251 

1 • 2 8E*  0 3 

3768 

0. 

116.2 

26 

3. 12E*  06 

2F1 

5.76E*  03 

4073 

0. 

28 

4 .94E*  06 

291 

0. 

4379 

0. 

JO 

1 . 87F*08 

312 

1.97E*03 

4686 

0. 

TOTALS 

LHC 

5.2  0E- 04 

2.21E-03 

1.88E-05 

2.04E-03 

MED  0 

?3 

66 

176 

63 

INTERVAL  START  *16152(31* 

PARTICLE 

SIZE  DISTRIBUTIONS 

(NUMBER/M**3-MM) 

TV  PE  1 BULL-ROSE 

SIZE 

SCATTER 

SIZE 

CLOUD 

SI  7E 

PRECIP 

(MU) 

FROBE 

(MU) 

PROBE 

(MU) 

PROBF 

P (MB) 

378.8 

2 

9 • 48E*  OF 

’6 

2. 96E*  0 5 

402 

8 • 6 0E*0  0 

4 

4. 91E*07 

47 

1.65E*  05 

707 

0. 

ALT  (KM) 

6 

3 • 63E*  07 

67 

1 • 96E*  05 

10  13 

0. 

7.565 

8 

2 . 78E*  or 

38 

1 • 1 IE*  0 5 

1320 

0. 

10 

2. 00E+07 

108 

1 . 24E*0  5 

1625 

0. 

TEMP  (C) 

12 

1 • 48E*  07 

128 

1 . 3 JE*  05 

19  32 

0. 

-28.  0 

14 

1 • 43E*  07 

149 

1. 09E*  05 

2237 

0. 

16 

1. 09E*  OF 

169 

8 . 8 9E*  04 

25  44 

0. 

OEHP  <C> 

18 

9 • 3 5E  *■  0 6 

189 

6. 5 3E*  04 

26  49 

0. 

20 

5 . 71E*  06 

’10 

3, 56E*  04 

31  55 

0. 

22 

4 • 15E*  06 

230 

1 . 96E*  04 

3462 

0. 

TAS  (M/S) 

24 

2.  34E*  06 

251 

1. 15E*04 

3768 

0. 

116.3 

26 

2. 86E»06 

271 

7. 2 0E»  0 3 

4073 

0. 

28 

3 • 89E*  0 6 

2 91 

3. 29E*  0 3 

4379 

0. 

30 

3 • 89E*  06 

M2 

1 . 9 2E*  0 3 

4686 

0. 

TOTALS 

LHC 

6.0  0E- 04 

3.32E-03 

7.52E-06 

2.91E-03 

MED  n 

22 

7F 

176 

74 

41 


Arm.  CIRRUS  STUDY  BY  A^SL 


FLIGHT  £77-51  ON  29  OCT  77  30  SECOND  AVERAGING 

INTERVAL  START  •16I53«01* 

PARTICLE  SI 7F  DISTRIBUTIONS  <NU M9ER/ M • * 3- MM I 


TYPE*  BULL 

-ROSE 

SIZE 

SCATTER 

SIZE 

CLOUO 

SIZE 

PRECIP 

(MU) 

PROBE 

(MU) 

PP03E 

(MU) 

PROBF 

P (MB) 

377.1 

2 

8.12E*0f 

26 

1 . 48  E*  05 

4 02 

1.93E+01 

4 

5.55E»07 

4Z 

1. 36E*  05 

707 

0. 

ALT  (KM) 

6 

3.61E*07 

67 

1 . 96E*  0 5 

10  13 

0. 

7.596 

8 

3 . 81E*  or 

S3 

1 . 2 2£*  0 5 

1320 

0. 

10 

2. 28E»07 

108 

6.83E»04 

1625 

0 . 

TEMP  (C) 

12 

1 . 37F»07 

123 

1.40E*05 

1932 

0. 

-28.6 

14 

1 • 58E ♦ 37 

149 

1.49E«-05 

2237 

0. 

16 

1.24E*07 

169 

1.20E»05 

2544 

0. 

OEWP  (C) 

18 

1.48F»0Z 

189 

9.66E*04 

28  49 

0. 

20 

5.71EH16 

MI 

5.44E*  04 

3155 

0. 

22 

5. 19E*06 

2 30 

4 • C 3E*  04 

3462 

0. 

TAS  (M/S) 

24 

4. 15E*  06 

2S1 

2. 3 0E»  04 

3768 

0. 

116.4 

26 

5 . 1 9E  » 0 6 

271 

1 • 8 7E*  0 4 

4073 

0. 

28 

3. 89E*-06 

291 

1 • 1 5E*  04 

4379 

0. 

30 

3 • 6 3E*  0 6 

312 

5. 75E*03 

4686 

0. 

TOTALS 

LHC 

7 . 24E-04 

4.77E-03 

1.69E-05 

3.71E-0  3 

MED  n 

22 

83 

176 

76 

SIZE 

PARTICLE 

SCATTER 

INT^iRVAL  START  •16*53131* 

SIZE  DISTRIBUTIONS  (NUMBER/M**  3-MM) 
TYPE*  BULL-ROSE 

SI7E  CLOUO  SIZE  PRECIP 

(MU) 

FROBE 

(MU) 

PROBE 

(MU) 

PROBE 

P (MB) 

2 

6.27EA07 

»6 

2.21E»05 

4 02 

5 . 3 6F  ♦ !)  0 

375.  0 

4 

6 • 76E*  0 7 

4» 

3. 0 1E*05 

707 

0. 

ALT  (KM) 

6 

5 . 13E»07 

67 

3.  OlE*  05 

1013 

0. 

7.636 

8 

4 . 04E*  0 7 

88 

1.60EA05 

1320 

0. 

10 

3. 00E»07 

108 

2.21E»05 

1625 

0. 

TEMP  (C) 

12 

2.36E*07 

123 

2.2  7E»  05 

1932 

0. 

-29.3 

14 

1. 74E»07 

149 

1.91E*05 

2237 

0. 

16 

1.45F»07 

169 

1.37E»05 

2544 

0. 

OEWP  (C) 

18 

1.45EA07 

189 

8.14E»04 

2849 

0. 

20 

6.48E»06 

210 

4. 39E*  0 4 

3155 

0. 

22 

6.48EA06 

230 

1. 38E*04 

3462 

0. 

TAS  (M/S) 

24 

4.40EY06 

251 

1.28E+04 

3768 

0. 

116.6 

26 

2.85EA06 

271 

5. 7 4E*  0 3 

4073 

0. 

28 

5. 96E»06 

291 

8.21E»03 

4379 

0. 

30 

3.37FA06 

312 

5. 75E*03 

46  86 

0. 

LHC 

MED  0 

T. 88E-04 

21 

4.89E-03 

74 

4.69E-05 

176 

TOTALS 

4.27E-03 

71 

42 


AFHL  CIRRUS  STUDY  BY  A^CL 

FLIGHT  E77-51  ON  29  OCT  77  30  SECOND  AVERAGING 

INTERVAL  START  *16»54l0l» 

PARTICLE  SI?F  DISTRIBUTIONS  (NUMBER/M**  3 - 1M ) 


TYPEt  9ULL- 

ROSE 

SIZE 

SCATTER 

SI?F 

CLOUD 

SIZE 

PRECIP 

(MU» 

PCOBr 

f MUI 

POOBE 

(HUI 

PROBF 

P (M8> 

372.7 

2 

8 . 20E*07 

26 

3.68E*05 

4 02 

9.64E*00 

it 

7.81E*"/ 

47 

3. 20E*  05 

7 07 

5.61E-01 

ALT  (KM) 

6 

5.92E*07 

67 

3.68E*  05 

10  1 3 

0. 

7.679 

S 

4 . 86E*  0 7 

33 

2. 38E*05 

1320 

0. 

10 

3.18E*07 

113 

?.58E*05 

1625 

1. 

TEMP  (C) 

12 

2 • 46Ft  07 

1 23 

?.88E*05 

19  32 

0. 

-30.1 

14 

1 .78E*07 

149 

2. ?3E*05 

2237 

0 . 

1C 

1 . 34E * 0 f 

169 

1 . 37E*05 

2544 

0. 

DEHP  (C» 

18 

1.09F*07 

189 

8 . ? 2E*  04 

2849 

0. 

20 

6.98E*06 

211 

3.7SE*04 

3155 

0. 

22 

4.91E*06 

2 30 

2.8  7E*04 

3462 

0. 

TAS  (M/S) 

24 

8. 02E*06 

?5 1 

1.78E*04 

3768 

0. 

116.  7 

26 

5.69E*06 

271 

7.  1 7 E * 0 3 

4073 

0. 

28 

3. 10E*06 

2 91 

9. 83E*  03 

43  79 

0. 

30 

4.14E*06 

317 

1. T4E*04 

4686 

0. 

TOTALS 

LHC 

8 . 21E-04 

5.93E-03 

1 . 1 IE-05 

4.97E-03 

MED  n 

2? 

74 

197 

70 

INTERVAL  START  • 

16  154  I 31  • 

PARTICLE 

SIZE  DISTRIBUTIONS  (NUMBER/ M* • 3-MM ) 

T Y PF l BULL- 

ROSE 

SIZE 

SCATTER 

ST7C 

CLOUD 

SI  Zt 

PRECIP 

(MU) 

PPOBE 

( MU) 

PROBE 

(MU) 

PROBE 

P (MG) 

3?2.8 

2 

4 . 22E*  07 

»6 

1.11E*05 

402 

1 . 0 3E  » 0 2 

4 

8.44E*07 

4T 

3.  10E*05 

707 

S.61E-01 

ALT  (KM) 

6 

7. 38E*07 

67 

2. 2 3E*  05 

1013 

0. 

7.676 

6 

6. 11E* 07 

33 

8.67E*04 

1320 

0. 

10 

S.97FH7 

113 

1 . 1 ?£♦ 05 

1625 

0. 

TEMP  (C) 

12 

2. 85E*07 

125 

1. 39E*05 

19  32 

0 . 

-30.3 

14 

?.69E*07 

149 

1.67F*  05 

??  3 7 

0. 

16 

1.53F*07 

169 

2. 0 0E*05 

?5  44 

0. 

DEHP  (C) 

18 

1.76E*07 

189 

1 • J4E*  0 6 

2849 

0. 

20 

7 . 7 7F*  06 

210 

1 • 0 ?E*  05 

31  55 

1. 

22 

8. 28FA06 

230 

7.817*04 

346? 

0. 

TAS  ( M/S ) 

24 

6.?1E*06 

251 

4 . 97E*  04 

3768 

0. 

116.7 

26 

8.28E*06 

?7l 

3. 306*04 

4073 

0. 

28 

3. 37E*06 

291 

?• 79E ♦ O 4 

43  79 

0. 

30 

a • o9E*  06 

31? 

1.536*04 

46  36 

0. 

TOTALS 

LHC 

1.04E-03 

7.7  IE- 0 3 

9.27E-05 

5.46E-03 

MED  0 

27 

90 

178 

81 

43 


T 


AFWl  CIRPUS  STUDY  BY  A^GL 


FLIGHT  E77-51  OH  29  OCT  77  30  SECOND  AVERAGING 

INTERVAL  START  *16155101* 

FARTICLE  ST7C  DISTRIBUTIONS  (NUMBER/M** 3-HM» 

TYPE!  BULL-ROSE 


SIZE 

SCATTER 

SIZE 

CLOUD 

SIZE 

PRECIP 

(MU) 

FROBE 

(MU) 

PROBE 

(MU) 

PROBE 

P (MB) 

373.2 

2 

6. 32E*07 

26 

3. 69E*  04 

4 02 

1.25ET02 

4 

7.66FM7 

4T 

2.43E*  05 

707 

1 . 1 2E  ♦ 0 0 

ALT  (KM) 

6 

6. 24E*D7 

67 

1 .?7E»  05 

1013 

0. 

7.669 

S 

4. 84E*07 

88 

7. 59E*  04 

1320 

0. 

10 

3.44E»07 

138 

4.61E»04 

1625 

0. 

TEMP  (C) 

12 

3. 16E*07 

123 

3.00E*04 

1932 

0. 

-30.2 

l*i 

1.97E»3 T 

149 

5.59E*04 

2237 

0. 

16 

1 . 35E*  0 7 

169 

9.31ET04 

2544 

0 . 

OEHP  (C) 

18 

9 • 58E»  06 

139 

1. 1 7E*  05 

2649 

0. 

20 

5.44E»06 

711 

1.00E*05 

3155 

0. 

22 

3.88E* 06 

2 30 

7.23E+04 

3462 

0. 

TAS  (M/S) 

2*. 

6.73E*06 

251 

6. 0 0E» 04 

3768 

0. 

116.6 

26 

3.37E»06 

771 

3.88E»04 

4073 

0. 

28 

2 • 5 9E  » 0 6 

291 

2.46E*04 

4379 

0. 

30 

2. 59E*06 

* 1 7 

1 • 5 3E*  04 

4686 

0. 

TOTALS 

LHC 

6.93E-04 

6.11E-0  3 

1.15E-04 

3.70E-03 

MED  n 

20 

99 

179 

87 

SIZE 

PARTICLE 

SCATTER 

INTERVAL  START  *16)55131* 

SIZE  DISTRIBUTIONS  (NUMBER/M** 3-MM) 
TYPE)  BULL-ROSE 

SIZE  CLOUO  SIZE  PRECIP 

(MU) 

PROBE 

(MU) 

PROBE 

(MU) 

PROBE 

P (MB) 

2 

7 . 04E*07 

26 

1 • 4 7E*  0 5 

402 

1 • 9 8F*0  2 

373.  1 

4 

8.47E»0 7 

47 

2 • 5 2E*  05 

707 

0. 

ALT  (KM) 

6 

6 . 50E»  07 

67 

1 .46E*  05 

1013 

0. 

7.671 

8 

5 • 7 5F  * 0 7 

33 

4,0  7E*  04 

1320 

0. 

10 

3 • 78E*  07 

108 

3.8  7E*  04 

1625 

O. 

TEMP  (C) 

12 

2.30E»07 

128 

3. 28E*04 

1912 

0. 

-30.3 

14 

1 . 94E*  07 

149 

1. 72E*  0 4 

2237 

0. 

16 

1 • 1 9E*  07 

1691 

5 . 3 2E*04 

2544 

0. 

OEHP  (C) 

18 

1.22E»07 

189 

7 , 0 8E*  04 

2849 

0. 

20 

6.7$E*06 

’ll 

8.46E*  04 

3155 

0. 

22 

3. 88E»06 

230 

8. 84E*  04 

3462 

0. 

TAS  (M/S) 

24 

4.97E»06 

251 

5, 6 IE*  04 

3768 

0. 

116.6 

26 

5 • 1 8F*  06 

271 

3.T3E+04 

4073 

0. 

28 

4.66EM6 

291 

4.27ET04 

4379 

0. 

SO 

2. 85E»06 

312 

3.  25E*  04 

46  86 

0. 

LHC 

MED  0 

7.68E-04 

21 

6.27E-03 

107 

1.73E-04 

176 

TOTALS 

3.13E-03 

91 

44 


r 


AFRl  Z IRRUS  STUOV  By  AFGL 

FLIGHT  £ T 7 -FI  ON  29  OCT  77  30  SECOND  AVERAGING 

INTERVAL  START  *16156101* 

PARTICLE  SI7E  TISTRIBJT IONS  (NUMBER/M**  3-NM) 

TYPE l BULL-ROSE 


SIZE 

SCATTER 

SIZE 

CLOUO 

SI7E 

PRECIP 

( MUI 

PROBE 

(HUI 

PPOBF 

(MU» 

PROBE 

P (MB) 

373.3 

2 

4.77E*07 

26 

1 • 1 IE*  05 

4 02 

3 . 2 8E*0  2 

6 

8.76E»07 

4T 

2. 5 2E*  O 5 

707 

3 . 9 3E*  0 0 

ALT  (KM) 

6 

8 . 4 2E  * 0 7 

67 

1.46E»05 

1013 

0. 

7.667 

S 

6 • 81E*  07 

88 

1 • 2 7E*  05 

1320 

0. 

10 

4 • 64E*  07 

108 

9 >4  IE*  04 

1625 

0. 

TEMP  (C) 

12 

3. 29E*  07 

128 

2. 6 0E*  04 

1932 

0. 

-30.4 

14 

?.56E*07 

149 

4.41E*04 

2237 

0. 

16 

1.61E*07 

169 

5 . 68  E » 04 

2544 

0. 

OEWP  (C) 

18 

1 . 68E  *07 

189 

1. 08E*  05 

2649 

0. 

20 

9 . 07E*  06 

710 

1. 08E*05 

31  55 

0. 

22 

6 • 48E*  0 6 

230 

1 • 22E* 0 5 

3462 

0. 

TAS  (M/S) 

24 

4 • 92E*  06 

251 

8 i 94E*  04 

3768 

0 . 

116.  6 

26 

5 • 4 4F  * 0 6 

271 

5.31E*04 

40  73 

0. 

28 

3 • 89E»  06 

291 

5 . 0 9E*  04 

4379 

0. 

30 

2 . 85E*  06 

312 

2.49E*04 

4686 

0. 

totals 

LHC 

9. 05E-04 

8.14E-03 

3. 06E-04 

4.40E-03 

MEO  D 

19 

105 

18  0 

91 

Interval  START  *16156131* 

PARTICLE  SIZE  1TSTRIBUTIONS  (NUMBER/M**  3 -MM) 
TYPE!  BULL-ROSE 


SIZE 

SCATTER 

SIZE 

CLOUO 

SIZE 

PRECIP 

(MU) 

PROBE 

(M'J) 

PROBE 

(MU) 

PROBE 

P (MB) 

373.4 

2 

1 • 94E*07 

26 

3. 32E*  05 

402 

3 . 7 2E  * 0 2 

4 

1. 02E*08 

47 

2 . 2 3E*0  5 

707 

3 . 9 4E  *0  0 

alt  (KM) 

6 

1. 11E*08 

67 

2.4lE*05 

1013 

0. 

7,666 

8 

9 • 69E*  07 

88 

1. 55E*  06 

1320 

0. 

10 

7 • 75E*  0 7 

108 

7 , 9 3E*  04 

1625 

0. 

TEMP  (C) 

12 

5 • 26E*07 

128 

6.83E*04 

193? 

0. 

-30.6 

14 

3 . 0 BE*  0 7 

149 

8.6  IE*  04 

2237 

0. 

16 

2 . 85E  * 07 

169 

1.17E*05 

2544 

0. 

OEHP  (C) 

18 

2 . 1 5E*  0 7 

189 

1 . 84E*  0 5 

2849 

0. 

20 

1 . 22E*  07 

21* 

2. 1 0E*  05 

3155 

0. 

22 

1. 06E*  0 7 

2 30 

1.78E*05 

3462 

0. 

TAS  (M/S) 

24 

5. 70E»06 

751 

1 . 1 6E*  05 

3768 

0. 

116.5 

26 

7 . 26E*  06 

271 

6, 18E*  04 

40  73 

0. 

28 

8. 55E*06 

291 

4. 27E*  04 

4379 

0. 

30 

8 • 0 3E*  06 

712 

4.98E*04 

46  86 

0. 

TOTALS 

LHC 

1.46E-03 

1.18E-0? 

3.44E-04 

7.11E-03 

MEO  O 

21 

101 

170 

90 

45 


«FWL  CIRRUS  STUDY  BY  AFiL 

FLIGHT  E77-M  ON  29  OCT  77  30  SECOND  AVERAGING 

INTERVAL  START  *16T57t01» 

FART I CLE  rIZF  DISTRIBUTIONS  (NU MBE R /M •• 3-MM ) 

TYPE*  BULL-ROSE 


SIZE 

SCATTER 

SIZE 

CLOUO 

SI  ZE 

PRECIP 

<nu> 

FPOBE 

(M'J) 

PPOBE 

(MU» 

PROBF 

P (MB) 

373.5 

2 

8. 22E»07 

26 

3. 3 2E*  0 5 

402 

4 . 0 8t  ♦ 0 7 

4 

8 . 58E*  07 

47 

1.94E*  05 

707 

7. 8 8E*  0 0 

ALT  (KM) 

6 

6. 90E  * 07 

6* 

1 ,37E*05 

10  13 

0. 

7.663 

tt 

5 • 56E  *•  0 7 

88 

9.51E»04 

1320 

0. 

10 

3 . 94E*  07 

108 

7.39E»04 

1625 

0. 

TEMP  <C» 

12 

3. 09E  *07 

128 

3. 0 IE*  04 

1932 

0. 

-30.9 

14 

1 • 6 3E*  07 

149 

4 . 09E*  04 

2237 

0. 

16 

1 . 58E*  07 

169 

6.48E*04 

2544 

0. 

DERP  (C> 

18 

1.40E*07 

189 

1 . 0 5E»  0 5 

2849 

0. 

20 

7 • OOE*  06 

210 

9. 73£*  04 

31  55 

0. 

22 

6. 74E*  0 6 

2 30 

8 • 8 6E*  04 

3462 

0. 

TAS  (M/S) 

24 

5 . 45E*  06 

751 

6.39F*  04 

3768 

0. 

116.4 

26 

4 . 93E*  06 

271 

6 . 0 4E  * 04 

4073 

0. 

28 

4.41E* 06 

291 

3. 78E»04 

4379 

0. 

30 

3. 89E*06 

*17 

7. 8 8E*  04 

4636 

0. 

totals 

IRC 

8.64E-04 

7.2  Oc- 0 3 

3.95E-04 

3.97E-03 

MED  n 

21 

105 

183 

90 

I NTE° VA  L START  *16*57131* 

PARTICLE  SITE  DISTRIBUTIONS  (NUMBER/M** J-ND 
TYPE!  BULL-ROSE 


SIZE 

SCATTER 

S T YE 

CLOUO 

SIZE 

PRECIP 

(MU) 

PROBE 

(MU) 

PPOBE 

(MU) 

PROBE 

P (MB) 

373.6 

2 

1 . 07E*  0 8 

’6 

1.85E»05 

402 

3 . 3 7E  ♦ 0 2 

4 

8 . 56E  *07 

4* 

2 . 1 4E*  0 5 

707 

9 . 5 7E*0  0 

ALT  (KM) 

6 

6. 9*E»07 

67 

1.46E+05 

10  13 

0. 

7.662 

8 

5 . 1 6F  ♦ 0 7 

38 

1. 09E»  05 

1320 

0. 

11 

4. 26E*07 

113 

4. 75E*  04 

1675 

0. 

TEMP  (C) 

12 

3 • 35E*G  7 

r»3 

4. 9 3E*  04 

1932 

0. 

-31.1 

14 

1 .97E*Q7 

14) 

6. 79E*  04 

22  37 

0. 

16 

1 . 7 9F  ♦ 0 7 

169 

1 . 0 2E*  0 5 

2544 

0. 

PER0  (C) 

18 

1 . 12E*  0 7 

189 

1 . 2 9E*  0 5 

2849 

0. 

20 

9. 34F»06 

210 

1 . 1 4E»  0 5 

3155 

0. 

22 

7.27E*06 

231 

9.90E»04 

3462 

0. 

TAS  (M/S) 

24 

4 . 1 Sf>  06 

251 

6. 5 2E*  0 4 

3768 

0. 

116.4 

26 

3 . 89E*  06 

271 

5,4  7E*  04 

4073 

0. 

28 

3.  3 7E ► 0 6 

7)1 

2.60ET04 

4379 

0. 

30 

4 • 9 3E  * 0 6 

312 

2.69E*  04 

46  86 

0. 

TOTALS 

LHC 

8.65E-04 

7.56E-03 

3.41E-04 

4.63E-03 

MEO  0 

20 

101 

16  6 

88 

46 


AFWl  CIRRUS  STUDY  9Y  AFJ L 

FLIGHT  E 7 7 - 51  ON  29  OCT  77  10  SECOND  AVERAGING 

INTERVAL  START  *16158101* 

PART ICLF  Size  DISTRIBUTIONS  (NUMBER/M** 3-MM) 

TYPE!  BULL-ROSE 


SIZE 

SCATTER 

SITE 

CLOUD 

( HU  ) 

PR09C 

(HU) 

PROBE 

2 

1.63EM9 

’6 

2 • 5 9E*  05 

4 

9. 52E*07 

4* 

2 • 4 SE*  0 5 

b 

7 . 19E*07 

67 

2.1 OE* 05 

8 

6 . 25E*  0 7 

19 

1 . 0 6E*0  5 

10 

3. 81E*07 

109 

5 . 1 7E*  04 

12 

2.91E*07 

129 

7. 1 2E*  04 

14 

2 . 0 8E*  0 7 

149 

9.48E*04 

16 

1 . 79t»07 

169 

1. 24E*05 

18 

1 • 2 2E  * 0 7 

199 

1. 38E*  05 

20 

6. 75E*06 

’19 

1. 05E*05 

22 

7 . 53E*  06 

230 

7.94£*04 

24 

7.27E*06 

251 

4.73E»04 

26 

4 . 4 IE*  Oo 

271 

3.4  5E  *04 

29 

6.23E*Q6 

291 

4. 28E*  04 

30 

3 . 89E  * 06 

312 

2. 7 OE*  04 

LHC 

9 • '4  IE  - 0 4 

7 . 3 IE- 03 

MED  n 

2? 

97 

SIZE 

PRE  Cl P 

(HU) 

PROBE 

P (MB) 
373.5 

4 02 

3.65E*02 

707 

7 . 32E*  0 0 

ALT  (KM) 

10  13 

0. 

7.663 

1320 

0. 

1625 

0. 

TEMP  (C) 

1932 

0. 

-31.2 

2237 

0. 

2544 

0. 

OEMP  (C) 

2849 

0. 

31  55 

0. 

3462 

0. 

TAS  (M/S) 

3768 

0. 

116.4 

4073 

0. 

4379 

0. 

4686 

0. 

totals 

3.54E-04 

4.78E-03 

183 

85 

INTERVAL  START  *16158131* 

PARTICLE  SIZE  DISTRIBUTIONS  (NUHBER/M**  3-MM) 
TYPE l BULL-ROSE 


SIZE 

SCATTER 

SIZE 

CLOUD 

SIZE 

PRECIP 

( MU) 

FROBE 

(MU) 

PROBE 

(MU) 

PROBE 

P (MB) 

373.2 

2 

1 .21E*08 

26 

2 . 95E*  0 5 

402 

8 . 7 5E*0 1 

4 

7, 62E*  07 

4* 

4. 86E*05 

707 

1 . 6 9E  *0  0 

ALT  (KM) 

6 

6 • 69E*  07 

67 

4 . 28E*  05 

1013 

0. 

7.669 

8 

5 . 96E*  07 

89 

2.50E*05 

1320 

0. 

10 

1 . 84E*  07 

108 

3. 25E*  0 5 

1625 

0. 

TEMP  (C) 

12 

2 . 57E*  0 7 

129 

3. 28E*  05 

1932 

0. 

-30.9 

14 

1 ,71E*07 

149 

2. 45E*  0 5 

2237 

0. 

lb 

1 . 63F*  0 7 

169 

1. 36E*  05 

2544 

0. 

DEMP  (C) 

18 

1 .37E*07 

189 

9. 5 BE*  04 

2849 

0. 

20 

7 . 52E*  06 

219 

5. 8 6E*  0 4 

3155 

0. 

22 

5. ?0E» 06 

230 

5.29E*04 

3462 

0. 

TAS  (M/S) 

24 

6 • 2’E*  06 

251 

2. 56E*  04 

3768 

0. 

116.5 

26 

7 . 00E*  06 

271 

1 . 7 3E*  04 

4073 

0. 

28 

6 • 74F  * 06 

291 

1 • 15E*  04 

4379 

0. 

30 

5 . 7 OE*  06 

312 

1 . 1 5E*  04 

4b  86 

0. 

TOTALS 

LMC 

1. OOE-OI 

7.2  OE- 0 3 

8.46E-05 

6.  04E-03 

MED  D 

23 

75 

18  3 

71 

47 


ACWL  CIRRUS  STUDY  BY  AFCL 


FLIGHT  £77-5  t ?q  QCT  7 7 3 0 SECOND  AVERAGING 

INTERVAL  START  *16159)01* 

PARTICLF  SJ  7c  BISTRIBUT IONS  (NU  NBE  R / M * • 1-  1H ) 


TYPE!  BULL- 

■ROSE 

SI7E 

SCATTER 

SITE 

CLOUD 

SI  7E 

RRECIP 

(MU) 

FR0Br 

( MU) 

PROBE 

(NU) 

PROBF 

P (MB) 

372.7 

2 

1.96E*08 

’8 

8 . 1 IE*  0 8 

4 02 

1 . 45E*0l 

4 

5. 07E*07 

4T 

5. 0 5E*  05 

707 

0. 

Alt  (KM) 

6 

4. 0lE*07 

6T 

4 . 9 7E*  05 

1013 

0. 

7.678 

8 

3. 0OE*07 

89 

3.G1E*05 

1320 

0 . 

10 

1 .89E*07 

1 09 

l.77E*05 

1625 

0. 

TEMP  (C) 

12 

1. 76E*  07 

129 

1.09^*05 

19  32 

0. 

-30.5 

14 

1 . 2?E*or 

149 

4.  19£*04 

223  7 

0. 

18 

1 . 29E*  or 

189 

4.52t*04 

2544 

0. 

OEWP  (C) 

18 

1 . OIF*  07 

199 

2. 3 OE  * 04 

2649 

0 . 

20 

6 • 47t*  06 

210 

1.77E*04 

31  55 

0 . 

22 

5 • 44E*  0 6 

2 30 

1 • 26E*  04 

3462 

0. 

TAS  CM/8) 

24 

J.62EM6 

281 

5. 10E*  03 

3768 

0. 

116.6 

26 

3. 37E*06 

771 

4.31E*03 

40  73 

0 . 

28 

2 • 8 5E  ♦ 0 6 

291 

3 . 2 8t*  0 3 

4379 

0. 

TO 

2 < 33E*  06 

912 

5.74E*  0? 

4696 

0. 

TOTALS 

LHC 

5.95E-04 

3.04S-0T 

1 . 2 7f  - o 5 

2.67E-03 

HED  n 

21 

82 

1T6 

58 

SIZE 

PARTICLE 

SCATTER 

I N*CR  VA  L STSPT  *16159)31* 

SI7S  DISTRIBUTIONS  (NUMBER/M**  3-MM) 
TYPE!  BULL-ROSE 

site  CLOUD  SIZE  PRECIP 

( MU) 

F ROBE 

(Ml)) 

PROBE 

(MU) 

PR03E 

P (MB) 

2 

2 .62EM8 

’6 

8 • 95E*  05 

4 02 

8 . 5 7E  ♦ 0 0 

372.  7 

4 

3.57E*Q7 

47 

6 . 0 IE*  C 5 

707 

0. 

alt  (KM) 

6 

2 . 72E*  07 

87 

3 • 7 3E*  05 

1013 

0. 

7.679 

8 

2.28E*07 

89 

2. 2 2E*  0 5 

1320 

0. 

10 

1 . 94E*07 

108 

1.07E*05 

1625 

0. 

TEMP  (C) 

12 

1 . 84£*07 

128 

6. 8 SE*  04 

1932 

0. 

-30.4 

14 

1. 22E+or 

149 

3.  0 IE*  04 

22  37 

0. 

16 

1 . 04E* 07 

1 69 

2. 22E*04 

2544 

0. 

OEHP  (C) 

18 

8. 80E*06 

189 

1.72E*04 

2849 

0. 

20 

6 • 21E*  06 

210 

1.  04E*04 

3155 

0. 

22 

4 . 40E*  06 

290 

8 . 0 4E*  03 

34  62 

0. 

TAS  (M/S) 

2S 

6. 47E*06 

751 

6.38E*03 

3768 

0. 

116.7 

26 

6 • 7 3E*  06 

2M 

1.43E*03 

4073 

0. 

28 

3. 36FM6 

791 

0. 

43  79 

0. 

30 

3. 67E*06 

912 

1.91E*03 

46  86 

0. 

LHC 

MED  0 

7. 08E-04 

23 

2.  08E- 03 
56 

7.50E-06 

176 

TOTALS 

1.92E-03 

54 

48 


• x- 


arWL  cirrus  stuoy  8y  af;l 

FLIGHT  E77-Cl  09  29  OCT  77  30  SECOND  AVF  RAGING 

INY'^VAL  START  *17100101* 

PART  I C L r SI  7C  9 T " TRI BUT  I ONS  (NUM8ER/M**  3-  MM ) 

TYPEI  9ULL -ROSE 


C I 7 1 

SCATTER 

TI7- 

CLOUD 

SI  7E 

PRECIP 

( MU) 

PP08- 

(MU) 

PROOF 

(MU) 

PROBE 

P ( M8 ) 

372. 5 

2 

1 .47E*  08 

26 

6.43E*05 

4 02 

6. 16E+01 

4 

8 . 15F*  07 

4T 

4. 0 7E*  05 

707 

1 . 6 8E*  0 0 

ALT  (KM) 

6 

5 . 51E  ♦ 0 7 

67 

5 . 87E* 05 

1013 

0. 

7.663 

8 

4. 76E*  0 7 

38 

3.67E*05 

1320 

0. 

1 0 

T. POE*  07 

103 

4. 1 IE*  05 

1625 

0. 

TEMP  (C) 

12 

2 . P 7E  * 0 7 

123 

2.e  OF*  05 

19  J2 

0. 

-30.4 

14 

1 . 5 OE* 1 7 

149 

1 . 78E*  05 

2237 

0 . 

IP 

1. 50E»07 

149 

9. 04E*04 

2544 

0. 

C!EHP  (C) 

18 

1 . F6E*07 

189 

4. S8E* 04 

2649 

0. 

20 

8.54E*06 

219 

2.71E*04 

3155 

0. 

22 

8 . 60E*06 

230 

2.87E*04 

3462 

0 . 

TAS  (M/S) 

24 

6 • 21E* 16 

251 

1. 40E*  04 

3768 

0. 

116.  7 

26 

3. 36E»06 

271 

1.4 JE*04 

40  73 

0. 

28 

7. 76E*06 

291 

6 • 5 6E  ♦ 0 3 

43  79 

0. 

TO 

5. 17E*06 

312 

7. 65E*  0 3 

4686 

0 . 

TOTALS 

LHC 

9 . 85E* 14 

5.ME-0* 

6.19E-05 

5.05E-03 

med  n 

22 

68 

18F 

65 

INYt’YAL  START  *17100131* 

PARTICLE  SI7"  DISTRIBUTIONS  (NUM9ER/M**  3-MM  > 


type*  PULL 

-ROSF 

SI7E 

SCATTER 

SI7r 

CLOUD 

SI  7E 

PRrCIP 

(MU) 

F R09E 

( MU) 

PR09E 

(MU) 

PP08F 

P (M3) 

372.  ? 

2 

1 .65F*  03 

’6 

5 . 3 9F  ♦ 0 5 

402 

1 . 2 9E  ♦ 0 2 

4 

7.5?E*07 

4T 

3 . 0 0 E ♦ 0 5 

707 

4 . 4 9E  ♦ 0 0 

ALT  (KM) 

6 

5.71Et07 

6* 

3.09E*  05 

10  13 

0. 

7.688 

8 

4. 55F*  07 

83 

2.  5 5E  * 0 5 

1320 

0. 

10 

3. 08E*  07 

108 

2.78E*05 

1625 

0. 

TEMP  (C) 

12 

2 . 4 8E*  0 7 

1 28 

2.99E*06 

19  32 

0. 

-30.2 

14 

2. 1 ?E*  07 

149 

1 . 9 2E  * 0 5 

2237 

0. 

16 

1 • 5 3F»  0 7 

169 

1 . 1 0F*05 

2544 

0. 

PEMP  (C) 

18 

1 .F8E»07 

139 

8. 32E»C4 

28  49 

0. 

20 

7. 24E*  06 

210 

5 , 2 1 F ♦ 04 

3155 

0. 

? 2 

6. 66F*  06 

230 

3.21E*04 

3462 

0. 

TAS  (M/S) 

’4 

5 . 69F * 06 

251 

l.?7E*04 

3768 

0. 

116.8 

26 

6 • 46E*  06 

271 

7 , 1 7£*  0 3 

4073 

0. 

28 

4. 65E*  06 

291 

1.  TIE*  04 

43  79 

0 . 

30 

4 • 65F  *06 

312 

3. 82E*  03 

46  86 

0. 

TOTAL" 

LHC 

9. 23F-04 

5.64E-03 

1 . 34E-04 

5.06E-03 

MEO  0 

22 

73 

188 

70 

49 


ArMl  "IRPUS  STUDY  8Y  AFSl 

FLIGHT  £77-61  ON  39  OCT  7 7 30  SiCONO  AVERAGING 

TMTr^vAL  START  *17111101* 


FART  ISLE 

SIZF  ' 

1 IS  T RIBUT ION 
TYPE!  3ULL- 

S (NUMBER/M** 3-  1M> 
ROSE 

SITE 

SCATTER 

STT" 

CLO'JO 

SI7E 

PRECIF 

( M'J) 

EPOB" 

( I'll 

PP08E 

(MU) 

PROBE 

P (MB) 
373.1 

3 

1 . 37F»T3 

76 

3.95E*05 

4 03 

3 . 3 4E  ♦ 0 7 

4 

1 . 1 4F*  0 8 

47 

4.55E*  05 

7 07 

6.1 7E»00 

ALT  (KM) 

6 

1 . 01E»03 

87 

3 • 7 3£  ♦ 0 5 

1013 

5 . 8 9t  - 0 l 

7.690 

8 

7.53c»07 

33 

3.44E*  05 

1330 

0 . 

10 

5 . 97F*  0 7 

1 03 

7 . 9FE*  0 5 

1635 

0. 

TEMP  (C) 

13 

3 . 98E*  07 

1 33 

3.49E*05 

19  33 

0. 

-30.3 

1 4 

3. 7 IE  ♦ 0 7 

141 

3. 30E*  05 

33  37 

0 . 

IF 

3.48E*07 

161 

3. 36E*  05 

3544 

0. 

n ewp  c c ) 

13 

3 .43E*  07 

139 

1 . 44E*  05 

3o49 

0. 

70 

1 . 16E*  0 7 

311 

1 . 35E*  05 

31  55 

0. 

33 

9. e3E*  jS 

3 30 

6 • 65E*  04 

34  6 3 

0. 

TAS  (M/S) 

34 

8 . 0 3£*  OF 

3S1 

3.44E*04 

3768 

0. 

116.8 

36 

1 . 14E*07 

3’1 

7. 5 8F*  0 4 

■♦0  73 

0 . 

38 

8 • 0 IE*  0 6 

391 

1.64E*04 

4379 

0. 

30 

L WG 

MED  0 

8 . 7 7£*  06 

1.49E-03 

33 

31  3 

3. 1 OE*  04 

9.56E-03 

80 

4686 

0. 

3. 43E-04 
168 

TOTALS 

7.91E-03 

76 

INt-o'*AL  S t A P T *17101131* 

PARTICLE  SIZE  USTRIBJTIONS  (NUMBSR/M**  3- 3M> 
TYPFI  BULL-ROSE 


SIZE 

scattep 

ST7c 

CL  0 'JO 

SI  ZE 

PRECIP 

(M'J) 

PROBE 

(M'J) 

PP03E 

(M'J) 

PROBE 

P (MB) 

373.0 

3 

4 . 91E*  07 

’6 

3. 31F*  05 

403 

3 . 1 7E  * 0 3 

4 

1.  30t  * 08 

4 7 

3,97E*05 

707 

1 . 1 8E*0 1 

ALT  (KM) 

6 

1 . 36E*  08 

87 

5.00E*05 

1013 

0. 

7.891 

0 

1 . 06E*  08 

88 

3. 0 3E*  05 

1330 

0. 

10 

7 . 3 9E  * 0 7 

1 08 

3. 6 3E*  05 

1635 

0. 

TEMP  (C) 

13 

5 • 66E ♦ 0 7 

138 

3. 33E*  05 

19  33 

0. 

• 

O 

K", 

1 

14 

4. 31E*07 

149 

J.S4E*  05 

33  37 

0. 

16 

3. 85F»07 

169 

3.91E»05 

3544 

0. 

DEMP  (C) 

18 

3 • 44E*  0 7 

189 

3 . 3 3E  *0  5 

3849 

0. 

30 

1 • 68E*  07 

310 

1 . 7 0E*  0 5 

3155 

0. 

33 

1 . 81E*  07 

3 30 

1 . 1 6E*  0 5 

3463 

0. 

TAS  (M/S) 

34 

1 . 1 IE*  07 

751 

5.74E*04 

3768 

0. 

116.8 

36 

1 . 37E*  07 

371 

4 . 0 IE*  04 

4073 

0. 

38 

1 . 37F*07 

391 

3. 4 6E*  04 

4379 

0. 

30 

8. 53E*  06 

313 

3 . 0 6 E ♦ 04 

46  86 

0. 

TOTALS 

L MS 

3. 04E-03 

1.35E-03 

3. 33E-04 

9.93E-03 

MED  D 

3? 

84 

189 

79 

50 


AFWL 

CIRRUS  STUDY 

BY  AF  G 

L 

FLIGHT  E 77 

-01  ON 

29  OCT  7 Z 

30  Si 

CUNO  AVERAGING 

INT-RVAl  START  *17 

1 12 1 01* 

particle 

TI7T  DISTRIBUTIONS 

(NUMBER/M*  ’ 3-3M) 

TYPEI  BULL-RO 

SIZE 

SCATTER 

SI’' 

CLOUD 

SIZE 

F RE  Cl P 

(MU) 

F P03E 

(Mil) 

PROBE 

(MU) 

PPO°F 

P (MB) 

372.  0 

z 

1. 0OE»O8 

?6 

2.95E»0S 

4 0? 

4.48E*0’ 

4 

1 . 12F*  08 

4T 

2.8  IE*  OS 

707 

3.03FT01 

alt  (km) 

6 

1 . 01E»  08 

6T 

1 .82E*  05 

10  13 

5.89E-01 

7.691 

6 

8.43E*07 

88 

9 . Z5E ♦ 04 

13  20 

0. 

1 0 

6. 03E*07 

1 08 

8. 1 0E»  04 

1625 

0. 

TEMP  (C> 

12 

4 • b 6E  * 0 7 

1 28 

5.73E»04 

19  32 

0. 

-30.5 

14 

3 . 2 6E  * 0 7 

141 

5. 1 6E*Q4 

22  3 Z 

0 . 

14 

?.48E*07 

169 

1.37c*05 

2544 

0. 

DEWP  (C) 

18 

2. 1ZE»  nz 

139 

1 . 6 7E  * 0 5 

2b49 

0. 

20 

1.01EH7 

211 

1.54E*0S 

3155 

0. 

22 

7. 76E»06 

2 T1 

1 . 39E ♦ 0 5 

3462 

0 . 

TAB  (MZS) 

24 

7 . 5 OE*  06 

241 

Z.6SE*  04 

37  68 

0. 

116.7 

26 

6 .72E*06 

271 

b.Z4F»04 

40  73 

0. 

28 

8 • 54E  * 0 6 

291 

2 . 2 9E  ♦ 0 4 

43  79 

0 . 

10 

5. 1 7E  * 06 

312 

4. 2 IE*  0 4 

4686 

0. 

totals 

LHC 

1 . TIE- 0 3 

9.43E-03 

S.45E-04 

6.11E-03 

MEO  P 

21 

100 

20  2 

90 

INTERVAL  START  *1710? I 31* 

PARTICLE  SIZE  DISTRIBUTIONS  (NU MBS R / H • • 3- iM  ) 


TYPFl  BULL 


SIZE 

SCATTER 

SIZE 

CLOUD 

(MU) 

PROBE 

(MU) 

pp  09  E 

2 

8 . 77E* 07 

»6 

l.«4E*05 

4 

1 . 35E»  0 8 

47 

3. 10E*  05 

6 

1 . ?4E»  08 

47 

2. 00E*  05 

8 

1. 01E*  03 

33 

1 . 33E»0S 

10 

7. 66E»  07 

1 08 

7 . 9 ?E  ♦ 0 4 

12 

4 . 66F*  07 

1 28 

4.77c*04 

14 

J.44F*  07 

149 

3. J3E*  04 

16 

3 . 65E*  07 

169 

6.64E*04 

18 

2 . 64F * 0 7 

139 

1 • 06E*  OS 

20 

1 . 0 IE*  0 7 

211 

1. 04E*05 

22 

1.27ET07 

230 

1 . 1 IE*  05 

24 

7.50E*06 

251 

1.  03E*05 

26 

9 • 6 3£  ♦ 06 

?7l 

9. 04E*  04 

28 

8. 79F*  06 

291 

5.Z4E»04 

30 

9. 31E* 16 

712 

5. 35E»  04 

LMC 

1 . 65E-03 

9.90E-03 

MED  P 

21 

110 

SE 

SI  ZE 

PRECIP 

(MU) 

P°  OB  F 

P (MB) 

4 02 

9.  9 3F ♦ 0 ’ 

371.0 

zoz 

9. 1 5E*0 1 

ALT  (KM) 

10  13 

2. 36E*1 0 

7.694 

1320 

0. 

1625 

0. 

TEMP  (C) 

19  32 

0. 

-30.6 

22  37 

0. 

2544 

0. 

TEMP  (C) 

2849 

0. 

3155 

0. 

3462 

0. 

TAS  (M/S) 

3768 

0. 

116.  7 

40  73 

0. 

43  79 

0. 

4636 

0. 

1. 34E-03 

TOTALS 
5.  40E  -0  3 

212 

95 

51 


cn 


ft 

**  IRRUS  r.TUnY 

9 7 ar 

.1 

EII6MT  E77- 

*>i  ON 

? 9 OCT  y 7 

30  S 

ECONO  A/TRAS 

INC 

INTERVAL  START  *17103101 

* 

P ART  I CL  E 

SI  7 r 0 I 

E T R I B'J  T I C NS 

(NUMBS 

</M**  3-1M) 

T 

YPEI  BULL-ROSE 

SI7F 

SCATTER 

S I 7E 

CLOUO 

SI  ?t 

PRECIP 

(M'J> 

F FOBS 

( M'l) 

°P  QBE 

( M ij ) 

PROBE 

P <M9t 

371.5 

? 

1 . 32F*08 

26 

2.5  8E*  05 

402 

1 . 7 0^*0  3 

4 

1 . 1 8E  * a 8 

4* 

1.74E*05 

FO  F 

1 .1 3E»02 

ALT  (KM) 

5 

9 . 33E*  07 

6F 

1 • 3 7E*  05 

1013 

2 . 3 6E  ♦ 0 0 

F.F01 

6 

7.50E*  07 

88 

1.1 46*05 

1320 

0. 

to 

6 . 0 3E*07 

1 03 

4.42E*04 

1625 

0. 

7 £ HP  (C> 

12 

4 • 456*07 

1 23 

2.596*04 

1932 

0. 

-30.6 

14 

2 • 8 4F*  0 7 

149 

1. 93E*  04 

22  37 

0. 

16 

2.09E*07 

169 

1. 1 5F»04 

25  44 

0. 

HEMP  (C) 

10 

2.38E*07 

1 39 

2. 2 0E*  04 

2849 

0 . 

20 

6.57E*16 

210 

3. 446*  04 

31  55 

0. 

22 

8 . 01E*  06 

730 

4.1 36*  04 

3462 

0. 

TAS  (M/S) 

24 

3.  1 06*  06 

751 

3.036*04 

3768 

0. 

116.8 

26 

5 .95E*06 

?n 

6. 16E*  04 

40  73 

0. 

78 

4.916*06 

291 

4. 26E*  04 

43  *9 

0. 

10 

4 . 65E*  06 

312 

4.20E*04 

46  86 

0. 

70TALr 

L«Z 

1 . 10E- 0 J 

5.916-03 

2. 0 7E-0  3 

J.62E-03 

meo  n 

1 3 

116 

201 

131 

INTERVAL  START  • 

17103 1 31* 

PARTICLE 

<-I?r  n 

I r T RI BUT  ION 

S (NUMBER/M** 3-MM) 

TTPEl  3ULL- 

ROSE 

SI2E 

SCATTER 

S I 7* 

CLOUO 

SI  76 

PR6CI6 

(MU) 

FP03E 

(M'J) 

°°09F 

(MU) 

PROBE 

P (MB) 

370.9 

2 

1 . 42E*  08 

76 

1 . 1 OE* 05 

4 02 

1.696*03 

4 

1.046*08 

47 

1.066*05 

707 

1 • 6 5E  » 0 ? 

A LT  (KM) 

6 

3 . 74E*  07 

67 

9. 54E* 04 

10  13 

5 , 8 8E  ♦ 0 0 

7.  71  3 

8 

6 . 61E *07 

33 

9 . 47E*  0 4 

1320 

0. 

10 

5 . 1 9E  * 0 7 

1 03 

6.256*04 

16»5 

0. 

TEMP  (C) 

12 

3 . 1 6E»  07 

1 73 

3.416*04 

19  32 

0. 

-30.5 

14 

2 . 94E*  07 

14  9 

1.186*04 

22  37 

0 . 

16 

1 . 76E»07 

169 

7.966*03 

25  44 

0. 

DEWP  (C) 

18 

1 . 6 3E*  0 7 

1 39 

1.436*04 

2o  49 

0. 

20 

9 . 8 IE*  06 

21  0 

4. 276*04 

3155 

0. 

22 

8 . 52E  * 0 8 

230 

5.046*04 

3462 

0 . 

TAS  (M/S) 

24 

9. 306*06 

251 

6.6?E*04 

3768 

0. 

116.9 

26 

5 . 946*06 

271 

4.  T0F*  04 

40  73 

0. 

23 

5. 176*06 

291 

4.426*04 

43  79 

0. 

30 

6 . 46E  * 06 

»1» 

5.736*  04 

46  86 

0. 

totals 

L WC 

1 . 1 7E-03 

5.866-03 

2 . 3 56  - 0 3 

3.94E-03 

MEO  m 

22 

119 

215 

143 

52 


ar*«L  cirrus  stuiy  by  af;l 

FLIGHT  E77-51  ON  79  OCT  77  JO  SECOND  AVERAGING 

interval  start  *i7i04toi* 

PARTICLE  SI7r  9 I STR I BUT  I ONS  (NUMBER/M**  T-  1M I 


type  * BULL 

-ROSE 

SITE 

SCATTER 

S I 7F 

CLOUD 

SITE 

PRECIP 

1 1'J » 

PP03E 

(MU» 

PP03E 

(MU  ) 

PR03F 

p (Mei 

371.0 

7 

1 . TIE*  06 

76 

2 • 7 1 E ♦ 0 5 

4 02 

1 . 1 IE  ♦!  3 

4 

1 . 17F*  08 

V 7 

7.4?F»05 

7 07 

1. 13E*  0? 

ALT  (KM) 

6 

8 . 0 8F  * 0 T 

67 

1 . 5 OE*  05 

10  11 

4 • 7 IE  * 0 0 

7.711 

e 

6 . 8?E *07 

88 

1 . 0 3E  ♦ 0 5 

1320 

0 . 

10 

4.98£*07 

113 

5.70E*04 

1625 

0. 

TEMP  (C) 

iz 

3.60E»07 

1 73 

3. 27E*04 

19  J? 

0. 

-30.4 

14 

Z.  71E*07 

143 

?.90E*04 

22  37 

0. 

16 

Z. 12E*07 

163 

3. 3 6E * 0 4 

2544 

n . 

OEMP  (C) 

ie 

?.35E*07 

1 39 

6.  1 1E*04 

2o  49 

0. 

20 

1 . ?IE*07 

711 

9. 16E*04 

J1  55 

0. 

zz 

1.21E*07 

Z JJ 

6.47E*04 

3462 

o . 

TAS  (M/S) 

T4 

6. TIE*  06 

751 

8.  1 5E  ♦ 0 4 

3768 

0. 

116.9 

»b 

6.71F*06 

771 

5 . J OF*  04 

4073 

0. 

Z 8 

8.  76E  ♦ 0 6 

731 

4.26E*04 

43  79 

0. 

JO 

5. 4?6*  06 

317 

J.44EH4 

46  8 6 

o . 

totals 

LHC 

1 . J1E-0J 

6. 76E-0 J 

1 .6  OE-l 3 

4. 35E-03 

MED  r> 

71 

110 

21  9 

98 

INT- 

RVAl  start  • 

1 7 104  1 J1  • 

PART  ISLE 

*■1  7E 

'DISTRIBUTIONS  (NUMBER/M**  3-MM) 

TYPRI  9ULL- 

ROSE 

SIZE 

SCATTER 

S I 7r 

CLOUD 

SI  7t 

PRECIP 

(MIJ) 

FPOBE 

( MU) 

PP03E 

(MU) 

PROBE 

P (MB) 

371.3 

2 

1 . 32F*  08 

75 

7.57E*05 

407 

5.44EH7 

4 

8 . 7 JE  * 0 7 

47 

5.8  IE*  04 

707 

6 . 1 6F  ♦ 0 1 

ALT  (KM) 

6 

6 . 56E*  0 7 

67 

1.18E*05 

10  13 

2 . 3 5E  ♦ 0 1 

7.705 

8 

■4.  70E*  07 

83 

9. 7 3F  * 0 4 

1320 

0. 

10 

3 . 46E*  07 

113 

4. 04E ♦ 0 4 

1625 

0. 

TEMP  (C) 

12 

2 . 87E*07 

123 

4.90E*04 

19  J2 

0. 

-30.1 

14 

2. 1 9E»  07 

143 

5.047*14 

22  J7 

0. 

16 

1 . 91E * 07 

169 

6 . 8 1 E » 0 4 

7544 

0. 

OEMP  (C) 

16 

1 . 88E*  0 7 

189 

4.96E*04 

28  49 

0. 

20 

1 . 7 TE * 07 

710 

6.87E*  04 

3155 

0. 

ZZ 

6 . 71E*  06 

730 

4.  35F*  04 

3467 

0. 

TAS  (M/S) 

24 

1 • 0 It  * 0 7 

751 

3. 05E*  04 

3768 

0 . 

116.9 

26 

8 . OOF*  06 

771 

2. 00E*  04 

40  7 J 

0. 

28 

7. 49E*  06 

2 91 

1 . 6 4E  ♦ 0 4 

4379 

0. 

30 

5 . 16E*  06 

312 

1 . 91E*  04 

4666 

0. 

TOTALS 

LWC 

1 .19E-03 

4.1 3E-0S 

8.0  3E-04 

3.75E-03 

MFC  n 

23 

98 

277 

91 

53 


AFWL  CIRRUS  STUDY  9Y  AFSL 


FLIGHT  F.77-51  OH  29  OCT  77  JD  SECOND  A VFRftO  JnG 

INTERVAL  STAPT  •17105101* 

PARTICLE  SIZE  1 1STRI BUT  I ONS  (NUMBER/M**  3-MM) 

TTPEl  BULL-ROSE 


SIZE 

SCATTER 

S T 7F 

CLOUD 

SI  ZE 

PRECIP 

(MU) 

PROBE 

(MU) 

PP03E 

(MU) 

PROBE 

P (MB) 

372.6 

2 

1 . 24F H 8 

’6 

1.1 OE*05 

402 

5.-.2EF1? 

4 

9 . 6RE*  d 7 

47 

8.71E*04 

707 

5 . 8 8E ♦ 0 1 

ALT  (KM) 

6 

6.35E*07 

67 

9.57E+  04 

10  13 

1 . 1 8E  ♦ 0 1 

7.681 

8 

4 . 5 2F  ♦ 0 7 

88 

7.0  3E»  0 4 

1320 

6.19E-01 

1 0 

3.43EF07 

1 18 

5. 7 0E*  04 

1625 

0. 

TEMP  (C) 

12 

3.28EF07 

128 

5. 86E*04 

1932 

0 . 

-29.3 

14 

2. 74E*07 

149 

6. 65E*  04 

22  37 

0 . 

16 

1. 73FH7 

159 

6.36FF04 

2544 

0. 

OEHP  (C) 

18 

2 • 40E*  0 7 

189 

4 . 8 7E»  0 4 

28  49 

0 . 

20 

1. 24E»07 

210 

5. 21E*  04 

31  55 

0. 

22 

1. OSFf 17 

230 

4 . 9 2E  ♦ 0 4 

3462 

0. 

TAS  (M/S) 

24 

8 . 78E* 16 

251 

2.29E*  04 

3768 

0. 

116.9 

26 

8 • 0 0E  ♦ 06 

271 

8.59E»03 

40  7 3 

0. 

28 

9.81EF  06 

291 

1.  6 4E*  0 4 

43  79 

0. 

30 

6 . 71F»06 

312 

1.72E*04 

4686 

0. 

TOTALS 

LHC 

1 . 35E-03 

3. 72E-0  3 

7.90E-04 

3. 19E-Q  3 

MED  D 

23 

B6 

220 

91 

INTERVAL  START  *17«05«31* 

PARTICLE  SIZE  1 ISTRI BUT  IONS  (NU M BE R / H • • 3- MM ) 
TYPEI  BULL-ROSE 


SI7E 

SCATTER 

ST7E 

CLOUO 

SIZE 

PRECIP 

( MU) 

PROBE 

( MUI 

PROBE 

(MU) 

PROBE 

P (MB) 

372.9 

2 

1. 33E*08 

26 

1.84EF05 

4 02 

9 . 1 5E*  0 2 

4 

1.12E»08 

47 

2 . 9 0E*  O 5 

707 

9. 8 0E  * 0 1 

ALT  (KM) 

6 

7.69EF07 

67 

2 • 95E*  0 5 

1013 

5 . 2 9E*  0 0 

7.676 

8 

8 . 0 0E*  0 7 

88 

1 • 38E*  05 

1320 

6.19E-01 

10 

6 • 14E*  07 

118 

1 . 89E*  0 5 

1625 

0. 

TEMP  (C) 

12 

5.42EF07 

1 28 

1.40ET05 

19  32 

0. 

-28.9 

14 

3. 38FH7 

149 

1.38E»05 

2237 

0. 

16 

?.76E»07 

169 

8,66E*04 

2544 

0. 

DEHP  (C) 

18 

3. 15EH7 

189 

8.49E*04 

2849 

0. 

20 

2 . 2 7E  ♦ 0 7 

211 

6. 5 6E*  0 4 

3155 

0. 

22 

1 . 86E»07 

2 70 

6.75E*04 

3462 

0. 

TAS  (M/S) 

24 

1 • 52E  ♦ 0 7 

251 

3. 8 2E*  04 

3768 

0. 

117.  0 

26 

1. 73EH7 

271 

1.72F»04 

4073 

0. 

28 

1.57E»07 

291 

1.47E*04 

43  79 

0. 

30 

1.57E»07 

312 

1.91E»04 

4686 

0. 

totals 

LHC 

2. 38E-03 

5.93E-03 

1.36E-03 

5.58E-0  3 

MED  n 

24 

88 

223 

86 

54 


AF*l  CIRRUS  STUOY  0Y  AF9L 

FLIGHT  E77-51  ON  29  OCT  77  30  SECONO  AVERAGING 

INTERVAL  START  *17106101* 

PARTICLE  SIZE  DISTRIBUTIONS  (NU N BE R/ H** 3-NM) 

TYPE*  BULL-ROSE 


SIZE 

SCATTER 

S I 7E 

CLOUO 

SI7E 

PRECIP 

( M'J ) 

FPOBE 

( MU# 

PROBE 

(MU) 

PROBF 

P (MB) 

372.9 

2 

1 . 51E*  08 

26 

4. 04E+05 

402 

1 . 3 ?E*  0 3 

4 

1 • 19E*  08 

47 

2.  9 OE*  0 5 

707 

1. 33E*  02 

ALT  (KM) 

6 

9.08E»07 

67 

2.90E*05 

1013 

3 . 5 TE*  0 1 

7.674 

8 

1.01E»C8 

98 

1.97E*05 

1320 

0. 

10 

8 . 13E»  07 

108 

1.91E*05 

1625 

0. 

TEMP  (C) 

12 

6 . 22E*  07 

129 

2.03E+05 

1932 

0. 

-28.8 

14 

5 . 42E*  0 7 

149 

1 . 8 5E*  0 5 

2237 

0. 

16 

4 . 5 9E  * 0* 

169 

1.60E*05 

25  44 

0. 

OEWP  (C) 

18 

4. 75Ef  07 

199 

1. 31E*  OF 

26  49 

0. 

20 

2.40EM7 

7 1 » 

1. 04E*  05 

3155 

0. 

22 

1 .96E*07 

230 

1.1CET05 

34  6 2 

0. 

TAS  (M/S) 

24 

1 . 88E»07 

261 

5. 6 OE  ♦ 0 4 

3768 

0. 

117.  0 

26 

1 . 83E*07 

271 

3.72EMJ4 

40  73 

0 . 

28 

1 . 78E*  07 

291 

3.92E*04 

4379 

0. 

30 

2. 30F*07 

M? 

2.67E+04 

4686 

0. 

TOTALS 

LHC 

3. 01E-03 

9 . 24c- 0 3 

1.88E-03 

8.05E-03 

MED  0 

24 

93 

214 

87 

INTERVAL  START  *17«06«31* 

PARTICLE  SI7E  BIETRI8UTI0NS  (NU M BER /M ** 3-MM ) 
TYPE*  BULL-ROSE 


SIZE 

SCATTER 

SIZE 

CLOUD 

SI  ZE 

PRECIP 

(MU) 

f ROBE 

(MU) 

PROBE 

(MU) 

PROBE 

P (MB) 

372.8 

2 

1.25FT08 

26 

2.94F»05 

402 

9u  85E* 0 2 

4 

1.35E*08 

47 

3. 3 8E*  0 5 

707 

8 . 7 3E  * 0 1 

nAlT  (KM) 

6 

1 . 08E*  08 

67 

3.95E* 05 

10  13 

5. 88E-01 

7.677 

8 

6 . 65E*-  07 

99 

2 . 59E*  05 

1320 

0. 

1 0 

6. 37E*07 

108 

2.35E*05 

1625 

0. 

TEMP  (C) 

12 

5.65ET07 

128 

1.80E*05 

1932 

0. 

-28.8 

14 

4 . 28E*  07 

149 

1.33E+05 

22  37 

0. 

16 

3 • 10E*07 

169 

1. 20E*  05 

2544 

0. 

DEHP  (C) 

18 

3 . 82E*  07 

199 

7.34E*04 

2849 

0. 

20 

2 . 1 7E*  07 

210 

7. 18E*  04 

3155 

0. 

22 

1 . 78E*  07 

?39 

6.64E*  04 

3462 

0. 

TAS  (M/S) 

24 

1 . 4 4E  * 0 7 

251 

5.60E*04 

3768 

0. 

117.  0 

26 

1 . 60E* 07 

2*1 

4.44E*  04 

4073 

0. 

28 

1 . 70F*  07 

291 

2. 29E*  04 

43  79 

0. 

30 

1.83ET07 

312 

1 • 5 3E*  0 4 

46  96 

0. 

TOTALS 

L«C 

2.53E-03 

7.36E- 03 

1.29E-03 

6.  12E-03 

AFWl  CIRRUS  STUDY  BY  AF  S L 

FLIGHT  E77-51  ON  29  OCT  77  30  SECOND  AVERAGING 

I NTtrRVAL  START  *17I07«01» 

FAkTICLE  SIZE  DISTRIBUTIONS  (NUMBERIN’* 3- 1M) 


TYPE!  BJLL- 

■ROSE 

SIZE 

SC  ATT;i\ 

SI  7r 

CLOUO 

SIZE 

FRECIP 

(MU) 

F ROBE 

(MU) 

PROBE 

(MU) 

PROBE 

P (MB) 

372.8 

2 

1 . 58F*  0 8 

■»6 

5.88E*05 

402 

2.49F*0? 

4 

1 . 31E*  08 

47 

4.83E*05 

707 

1 . 4 OE  * 0 1 

ALT  (KM) 

6 

1.05E*08 

67 

4 • 35E*  05 

1013 

5.88E-01 

7,677 

8 

6 . 15F*  07 

95 

2. 9 7E*  0 5 

1320 

0. 

10 

6.6BE*07 

105 

2.24E*35 

1625 

0. 

TEMP  (C) 

12 

5.03E*07 

128 

1.96E*05 

1932 

0. 

-28.8 

14 

4. 23F»07 

149 

1.39E*05 

22  37 

0. 

16 

3.43E»97 

169 

1. 27E*  05 

25  44 

0. 

TEMP  (C) 

18 

3 • 69E*  0 7 

189 

8.49E*04 

2849 

0. 

20 

2 • 04E*  07 

210 

7.39E704 

3155 

0. 

22 

1. 75E»07 

230 

5.38E*04 

3462 

0. 

TAS  (M/SI 

24 

1 .47E»07 

251 

4 • 4 5E*  04 

3768 

0. 

117.0 

26 

2 • 1 9E»  0 7 

271 

3 • P OE  ♦ 04 

40  73 

0. 

28 

1.  60E ♦ 0 7 

791 

2.  1 3F*04 

4379 

0. 

30 

1 .756*0 7 

312 

1.91E*04 

4686 

0. 

TOTALS 

LWC 

2. 58E-03 

T.23E-03 

2.93F-04 

5.35E-03 

MEO  0 

»4 

85 

199 

75 

SIZE 

PARTICLE 

SCATTER 

INTERVAL  START  »17«07l31» 

SIZE  DISTRIBUTIONS  (NUMBER/M** 3-MM) 
TYPE!  BULL-ROSE 

SI TE  CLOUD  SIZE  PRECIP 

(MU) 

F ROBE 

(MU) 

PROBF 

(MU) 

PROBE 

P (MB) 

2 

1 .45E*  08 

’6 

1 . 8 4E»  0 5 

402 

2.51E+02 

373. 1 

4 

1. 06F*  08 

47 

1.93E*  05 

707 

3 • 3 OF  * 0 1 

ALT  (KM) 

6 

6. 87F*  07 

67 

1.41E*05 

10  13 

1 . 1 8E*  0 0 

7.671 

8 

5 • 55E*  u 7 

88 

7. 5 7E*  04 

1320 

0. 

10 

4 • 34E*  0 7 

108 

5. 3 3E*  04 

1625 

0. 

TEMP  (C) 

12 

3.82EM7 

129 

4.22E*  04 

1932 

0. 

-28.9 

14 

3. 12EM7 

149 

6. 8 6E*0  4 

2237 

0. 

16 

2. 12E*07 

169 

5. 04E*04 

2544 

0. 

OEWP  (C) 

18 

2.35F*07 

199 

6.20E404 

2849 

0. 

20 

1. 6 0S*  07 

210 

5. 83E*  04 

3155 

0. 

22 

1 . 34E*07 

2 30 

4. 5 8E* 0 4 

3462 

0. 

TAS  (M/S) 

24 

1.39E407 

251 

2.93F*  04 

3768 

0. 

117.0 

26 

8.785*05 

271 

1.57E404 

4073 

0. 

28 

1.32E*07 

291 

9.82E403 

4379 

0. 

30 

1 . 37E*07 

312 

6.7  3£*  0 3 

4686 

0. 

LHC 

MED  r> 

1 .83E-0S 

24 

3.56E-03 

92 

3.94E-04 

229 

totals 

2.98E-0  3 
87 

56 


AFHl  CIRRUS  STUDY  BY  APSL 

flight  E77-5  1 oh  29  ocr  rr  30  secono  averaging 

INTERVAL  ST  ART  *17«08«01» 

PARTICLE  SI7P  9 ISTRI BUT IONS  (NUNBER/N*» 3-NH) 


TY  PEI  BULL- 

ROSE 

SIZE 

SCATTER 

S I 7F 

CLOUO 

SIZE 

PRECIP 

(HU) 

F ROB” 

(HU) 

PR03E 

(HU) 

PRO0F 

P (HB) 

373.7 

2 

1.00E»06 

26 

3.32E*05 

4 02 

1. S0E»0S 

4 

1 • 2 7E  » 0 8 

47 

2.62E*05 

707 

2 • 43F»  0 2 

ALT  ( KH ) 

6 

1.12E»08 

67 

1 #7  3E*05 

10  13 

1.53E»01 

7.661 

e 

7 • 45E*  0 7 

58 

1 • 1 6E*  0 5 

1320 

2 • 4 8E  ♦ 0 0 

10 

5 • 74E*  07 

158 

4.60E*04 

1626 

0. 

TEHP  (C) 

12 

4.47F»07 

128 

2.59ET04 

1932 

0. 

-29.4 

14 

3.91E»07 

149 

3.97E*04 

2237 

0. 

16 

2. 74E»07 

169 

3.90E*04 

2544 

0. 

DEMP  (C) 

18 

2.  7 9E  » 0 7 

189 

6. 0 2E»  04 

2649 

0. 

20 

1 .35EKJ7 

218 

6.47E»04 

31  55 

0. 

22 

1 .27E»07 

230 

8.72E+04 

3462 

0. 

TAS  (H/S) 

24 

1.16E»07 

261 

6.76E»04 

3768 

0. 

116.  7 

*6 

7. 5 0E»06 

271 

7. 1 7E*  04 

40  73 

0. 

28 

6 . 47E*  06 

291 

4. 26E*04 

4379 

0. 

10 

9.31E»06 

712 

3. 06E» 04 

4686 

0. 

TOTALS 

LHC 

1.59E-03 

6.91E- 03 

2 . 5 9E  - 0 3 

5.46E-0  3 

meo  n 

21 

110 

261 

104 

INTERVAL  START  • 

17108 1 31* 

PARTICLE 

SIZE  9IcTRI9UTIONS  (NUHBER/H**  3-HH) 

TYPEt  BULL- 

ROSE 

SIZE 

SCATTER 

SI7E 

CLOUD 

SI  ZE 

PRECIP 

(HU) 

PROBE 

(HU) 

PROBE 

(HU) 

PROBE 

P (HB) 

373.8 

2 

1. 05E»08 

26 

2.21ET05 

402 

2. 1 IF* 0 3 

4 

1 .48Ef 08 

47 

2.52E*0  5 

707 

4 • 2 4E  ♦ 0 2 

ALT  (KH) 

6 

1. 31EM8 

67 

2. 05E»  05 

10  13 

3. 74E+01 

7.658 

8 

1. 07E»  08 

88 

1 . 35E*  0 5 

1320 

2 • 4 8F  ♦ 0 0 

10 

7.  01EM7 

108 

1. 07E*05 

1625 

0. 

TEHP  (C) 

12 

6.98ET07 

128 

6. 01E+04 

1932 

0. 

-79.6 

14 

3. 80F»  07 

149 

4.62E»04 

22  37 

0. 

16 

3 .73E»07 

169 

5 • 7 3E*  04 

25  44 

0. 

OCWP  (C) 

18 

3. 70E t 0 7 

189 

1.00ET05 

2849 

0. 

20 

1.91EM7 

210 

1.01E»05 

3155 

0. 

22 

1.40F»07 

230 

8. 95E»04 

3462 

0. 

TAS  (H/SI 

24 

l .iiE»or 

261 

8 . 0 3E ♦ 04 

3768 

0. 

116.7 

26 

1.40E»07 

271 

7 . 0 3E ♦ 04 

4073 

0. 

28 

1.47ET07 

291 

5.41E»04 

4379 

0. 

30 

1 . 04F»07 

712 

4.59E*  04 

4686 

0. 

TOTALS 

LHC 

2. 14E-0S 

8.69F-03 

4. 4 OF- 0 3 

8.23E-03 

HE!)  O 

22 

109 

266 

130 

57 


Ar«L  CIRRUS  STUDY  3T  A^SL 

FLIGHT  E 7 7 -61  OH  29  OCT  77  3 0 SECOND  AVERAGING 

I NTF  R 0 A L START  *17«09I01» 

PARTICLE  SIZE  DISTRIBUTIONS  (NUMBER/M**  3- MM) 


TYPE!  BULL- 

■ROSE 

SIZE 

SCATTER 

S 1 7E 

CLOUD 

SIZE 

PRECIP 

(MU) 

PROBE 

(HU) 

PROBE 

(MU) 

PROBE 

P (MB) 

373.7 

2 

q . T4E ♦ n 7 

7b 

3.68E»05 

402 

3 . 2 3E  ♦ 0 3 

4 

1 . 46E*  0 1 

47 

2.42E+C5 

707 

6.32E+02 

ALT  (KM) 

6 

1 . 42E»0j 

67 

2.3 7E*05 

10  13 

3, 9 5E ♦ 0 1 

7.661 

8 

1 . 23Ef  OS 

89 

1. 3 3E*  06 

13  20 

2.48E*00 

10 

8 • 4 IE*  07 

109 

8.84E*04 

1625 

0. 

TEMP  (C) 

12 

6.29E*07 

128 

3.96E*04 

19  32 

0. 

-29.  6 

14 

5 • 56E*  07 

149 

2.68E*04 

22  37 

0. 

16 

T . 8 3E  * 0 7 

169 

?.4BE»04 

75*4 

0. 

OEHP  (C) 

18 

3 .60E»07 

189 

2. 1 OE*  04 

2849 

0. 

20 

2 • 1 7F*  07 

210 

3.86E»04 

3165 

0. 

22 

1.7YE»07 

2 38 

7 • 3 5E  ♦ 04 

3462 

0. 

TAS  (M/S) 

24 

1 . E0E*07 

261 

5.48EY04 

3768 

0. 

116.  7 

26 

1.63E*-07 

2*1 

6.17E+04 

40  73 

0. 

28 

1. 53EM7 

291 

5.0  8E» 04 

43  79 

0. 

TO 

8 . 80E*06 

•12 

4.78E»04 

46  86 

0. 

TOTALS 

LHC 

2. *6E- 0 3 

6.66E-03 

6.48E-03 

8.80E-03 

MED  n 

22 

116 

261 

207 

PARTTCLE 

TNTE 

SIZr 

RVAL  START  *17I09«31» 
DISTRIBUTIONS  (NU M BER /M • * 3- MM ) 
TTPEl  BULL-ROSE 

SIZE 

SCATTER 

SHE 

CLOUD 

SI7E 

PRECIP 

(MU) 

PROBE 

(MU) 

PPOBE 

(MU) 

PROBE 

P (MB) 
373.9 

2 

1 . ?2E*08 

’6 

7. 3 7£*  04 

4 02 

2.70E+03 

4 

1.22E»09 

47 

2.1 3E*  05 

r 0 7 

3 • 9 3E  ♦ 0 2 

ALT  (KM) 

6 

1 . 08E»08 

67 

1 • 0 5E*  05 

10  13 

1 . 5 9E  ♦ 0 1 

7.655 

8 

7.94E»07 

89 

9 • 4 8 £♦  0 4 

1370 

0. 

10 

6 . 1 IE*  07 

109 

5,  7 IE* 14 

1675 

0. 

TEMP  (C) 

12 

4.74E*07 

1 29 

3. 14F»04 

19  32 

0. 

-29.5 

14 

3.47E»07 

149 

6 . 4 5E*  0 3 

2237 

0. 

16 

3 . 79E*  0 7 

169 

7.97EM3 

2544 

0. 

OEHP  (C) 

18 

3. 03E»  0 7 

199 

9. 56F*  0 3 

26  49 

0. 

20 

1 .40t»07 

710 

2.40E*  04 

3155 

0. 

22 

1 .37E»07 

738 

2.98E404 

3462 

0. 

TAS  (M/S) 

24 

1. 09E*  07 

261 

3.  3 2E*  0 4 

3768 

0. 

116.7 

26 

l.?7E»07 

271 

4. 30E404 

4073 

0. 

28 

1 . 0vE*07 

291 

3.44E404 

4379 

0. 

30 

LHC 

MED  D 

7 • 50E*  06 

1 . 76E-03 

22 

312 

4.97E»04 

4 .6  6£- 0 3 
121 

4686 

0. 

4.46E-0  3 
236 

TOTALS 

5.64E-03 

202 

58 


APM,.  CIRRUS  STLTJY  BY  ApiL 


FLIGHT  E77-51  ON  29  OCT  77  30  SiCONO  AVERAGING 

INTERVAL  START  *17110101* 
p ART  1 £ L F SI7F  OICTRieur IONS  (NUMBER/M** 3- TM> 


TYPEl  BULL” 

ROSE 

SIZE 

SCATTER 

SI  TE 

CLOUO 

SITE 

PRECIP 

( H'JI 

PROBE 

f HU* 

PPOBE 

(HU) 

PR03F 

P (MB) 

374.1 

2 

1. 07E*  08 

26 

2.95E*05 

4 02 

1 « 7 7E  ♦ 0 3 

4 

1 • 29E*  08 

4* 

2.  0 4E»  O 5 

707 

2 . 6 3E  * 0 2 

ALT  (KM) 

6 

1 • 1 6F  * 0 8 

67 

1 • 77E*  05 

1013 

1 • 3 0E*  0 1 

7.653 

8 

8.46E»07 

68 

7 . 5 9E*  0 4 

1320 

1 . 2 4E  ♦ 0 0 

10 

7 • 1 2£  * O 7 

108 

5.71E*04 

1625 

0. 

TEMP  (C) 

12 

5 • 38F*  0 7 

128 

3.69E*04 

1932 

0. 

-29.5 

14 

4.  32E*  07 

149 

2.58E*04 

22  37 

0. 

16 

3. 29E*  07 

169 

3. 54E*  04 

2544 

0. 

OEWP  (C) 

18 

3 • 5 7E  * 0 7 

189 

3. 8 3E»  04 

28  49 

0. 

20 

1 • 9 9E  ♦ 0 7 

211 

7 • 7 2E*  04 

3155 

0. 

22 

1.81E»07 

230 

6. 8 9£*  04 

3462 

0. 

TAS  (M/S) 

24 

1 . 01E*07 

251 

5. 61E*  04 

3768 

0. 

116.  7 

26 

1 .42E*07 

271 

5. 0 2F*  04 

40  73 

0. 

28 

1 . 42E»  C 7 

291 

5.90E*04 

4379 

0. 

30 

7. 76E*16 

312 

4. 59E*  04 

4686 

0. 

totals 

LHC 

2. 06E-03 

6.61E-03 

3. 0 2£-0  3 

5.56E-03 

MEO  0 

22 

115 

239 

130 

PARTICLE 

I NT£' 

SIZE  ' 

RVAL  STAPT  *17110131* 
1ISTRIBUTIONS  (NUMBER/M** 3-MM) 
TYPEl  BULL  -ROSE 

SIZE 

SCATTER 

SIZE 

CLOUO 

SI  ZE 

PRECIP 

(MU) 

PROBE 

(MU) 

PROBE 

(MU) 

PROBE 

P (MB) 
374.  0 

? 

1 . 20F*  0 8 

26 

2.95E*  05 

402 

1 . 55E  *0  3 

4 

1 . 48E*  08 

4* 

2.43E*05 

707 

1.94E*02 

ALT  (KM) 

6 

1 . 36E»08 

67 

2. 1 4E*  05 

1013 

1 • 4 ?E  ♦ 0 l 

7.654 

8 

1 • 03E»  08 

88 

1 • 49E*  0 5 

1320 

?• 48E ♦ 0 1 

1 0 

7.51E*07 

118 

7.56E*  04 

1625 

0. 

TEMP  (C) 

12 

5 . 62E»  07 

1 ’8 

4.5 1E*04 

193? 

0. 

-29.8 

14 

4 • 64E ♦ 0 7 

149 

2. 69E*  0 4 

2237 

0. 

16 

4 • 0 IF*  07 

169 

5.1 4E  *04 

2544 

0. 

TEMP  (C) 

18 

3 . 34E*  0 7 

189 

7. 56E*  0 4 

2649 

0. 

20 

2 . 17E*  07 

211 

1. 10E*05 

3155 

0. 

22 

1. 61E*07 

238 

1 . 0 7F*  0 5 

3462 

0. 

TAS  (M/S) 

24 

1 ,40E*  07 

251 

9.95E*04 

3768 

0. 

116.6 

26 

1 . 32E*  0 7 

271 

6.  75£*  04 

4073 

0. 

28 

1.  1 IF*  07 

291 

4.  1 OE  * 04 

4379 

0. 

30 

LWC 

ME  3 O 

1 . 0 9E  * 0 7 

2. 16E-03 

22 

312 

3 . 75E*  04 

8.20E-03 

107 

46  86 

0. 

2.56E-0 3 
235 

TOTALS 

6.32E-03 

181 

59 


AFMl  CIRRUS  STUDY  BY  AFCL 

FLIGHT  £77-61  ON  29  OCT  77  30  SECOND  AVERAGING 

INTERVAL  START  •1TI11I01* 

PARTICLE  SI 7E  DISTRIBUTIONS  (NUHBER/H**  3-TM) 

TV  PE  I BULL-ROSE 


SIZE 

SCATTER 

SIZE 

CLOUO 

SIZE 

PRECIP 

(MU) 

PR08E 

TMUI 

PROBE 

(HU) 

PROBF 

P (MB) 

374.1 

2 

1 • 76E*  08 

26 

2. 21c*  06 

402 

9 • 6 5E*0  2 

4 

1. 19F*08 

V* 

1. 07E*  05 

707 

2 . 8 IE  ♦ 0 2 

ALT  (KM) 

6 

9. 4 8E*  0 7 

67 

9 • 1 IE*  04 

1013 

2 • 4 8E  ♦ 0 1 

7.653 

8 

7. 17E*07 

98 

8.41E*04 

1320 

2.48E+09 

10 

5 . 2 SE*  0 7 

108 

4.43E*04 

1625 

8.55E-01 

TEMP  (C) 

12 

3 • 2 4E  * 0 7 

129 

3.5  5E*  04 

1932 

0. 

-29.  8 

14 

3 . 44E*  07 

149 

2. 0 4E*  0 4 

2237 

0. 

16 

2 . 4 9E*  07 

169 

2.84E*04 

2544 

0. 

DENP  (C) 

18 

2 • 4 9E  * 0 7 

189 

4. 31E*  0 4 

2649 

0. 

20 

1 . 01E*07 

210 

7.21E*04 

3155 

0. 

22 

1 . 11E*07 

230 

6 • 89E*  0 4 

3462 

0. 

TAS  (M/S) 

24 

7 . 77E*  08 

?S  1 

5. 36E*  04 

3768 

0. 

116.6 

26 

8 . 0 3E  * 0 6 

271 

4.74E*04 

4073 

0. 

28 

8 . 0 3E*  06 

291 

5.0  9E*04 

4379 

0. 

30 

7. 51E*  06 

312 

3. 25E*  04 

4686 

0. 

totals 

LHC 

1.41E-03 

5.97E-03 

2.65E-03 

4.98E-03 

meo  n 

22 

113 

291 

134 

INTERVAL  START  •17111 131* 

FARTICLE  SIZE  DISTRIBUTIONS  (NUMBER/M**  3-NH) 
TYPE!  BULL-ROSE 


SIZE 

SCATTER 

SIZE 

CLOUO 

SIZE 

PRECIP 

(MU) 

PROBE 

(MU) 

PROBE 

(MU) 

PROBE 

P (MB) 

374.4 

2 

1 . 81E*  09 

26 

3.69E*  04 

402 

3 . 2 4E  * 0 3 

4 

9 . 74E*  0 7 

47 

1 . 1 7E*  0 5 

707 

8 . 1 7E  *0  2 

ALT  (KM) 

6 

6. 58E*  07 

67 

1.0 5E*  05 

1013 

3 . 4 2E  ♦ 0 1 

7.646 

8 

4. 48E*  07 

89 

5. 4 3E*  04 

1320 

4.9  7E*0  0 

10 

4 , 48E*  07 

1*3 

3.5  IE*  04 

1625 

0. 

TEMP  (C) 

12 

3 . 14E*07 

128 

1. 5 OE*  04 

1932 

0. 

-29.9 

14 

2 . 75E*  07 

149 

1.5  IE*  04 

2237 

0. 

16 

2 • 20E*  07 

169 

1.77E*03 

2544 

• 

DEWP  (C) 

18 

1 . 8 4E*  u 7 

189 

7. 66E* 0 3 

2849 

0. 

20 

1 . 04E*07 

219 

1. 05E*  0 3 

3155 

0. 

22 

1.  0 4E  ♦ 0 7 

230 

8. 0 5E*  0 3 

3462 

0. 

TAS  (M/S) 

24 

6 • 22E*  06 

251 

3. 8 3E*  0 3 

3768 

0. 

116.5 

26 

7 , 00E*  06 

271 

4.3  IE*  0 3 

4073 

0. 

28 

6 • 2 ?E  ♦ 0 6 

291 

4.93E*  03 

4379 

0. 

30 

9. 07E*  06 

312 

5 . 75E*  0 3 

46  86 

0. 

TOTALS 

LMC 

1. 26E-03 

9.46E- 04 

7.37E-03 

7.91E-0  3 

MEO  0 

22 

96 

27? 

263 

60 


AF*|.  CIRRUS  STUnY  BY  AFCL 


FLIGHT  E77-S1  ON  2 9 OCT  77  30  SECONO  AVERAGING 

INTERTAL  START  *17I12I01* 

P ART  I CL  P SI7«-  OTSTNIBUTIONS  (NU  MBE  R 7 M*  • 3-  NM» 

TYPEl  BULL -ROSE 


SITE 

SCATTER 

SI  ’F 

CLOUO 

SITE 

PRECIP 

( MU) 

PPOBE 

f M'J* 

PROBE 

(MU) 

PROBF 

P (MB) 

374.6 

2 

1. S1E»  08 

26 

4 • 8 0€*  05 

402 

3 . 8 9E  ♦ 8 3 

4 

1 . 41E»0S 

4’ 

2. 7 ?F»  0 5 

707 

3.  31E*  02 

Alt  (KM) 

6 

1. 14F*08 

67 

1.78ET05 

10  1 3 

1 • 1 8E  * 0 1 

7.642 

6 

9 • 23E*  07 

S3 

1 . 0 9E*  0 5 

1320 

0. 

10 

6.97EM7 

1 03 

7.38E*04 

1626 

0. 

TEMP  (C) 

1? 

5.16E*07 

123 

4.10E«04 

19  32 

0. 

-79.9 

1 A 

4 • 54E ♦ 0 7 

149 

2. 0SE»  04 

2237 

0. 

16 

3. 08E»07 

169 

1.51ET04 

2544 

0. 

DEHP  (C) 

18 

3.45E*  07 

139 

1 . 1 5E  ♦ 0 4 

2849 

0. 

?0 

1 . 56E*  07 

710 

1.46E*  04 

31  55 

0. 

22 

1 . 17E»07 

230 

3.68£»04 

3462 

0. 

TAS  (M7S) 

2 4 

1 . 53E*0/ 

251 

4. T4E*  04 

3768 

0. 

116.5 

26 

1.  0 6E  * 0 7 

271 

5 . 8 9E*  04 

40  7 3 

0. 

28 

1. G6E*  07 

291 

6. 90E*  04 

4379 

0. 

30 

9. 33E»06 

312 

3.64E*  04 

46  86 

0. 

totals 

LHC 

1 • 91E-0  3 

5.68E- 03 

5. 1 4E-0  3 

6.61E-03 

MEO  n 

22 

120 

210 

181 

I NT  r R V A L START  •17I12I31* 

PARTICLE  *I7E  HrTRIBUTIONS  (NUMBE R /M* • 3-MM ) 
TYPfl  BULL-ROSE 


SI7E 

scatter 

SITE 

cloud 

SI  TE 

DRE  CIP 

(MU) 

PROBE 

( MM) 

PROBE 

(HU) 

PP.OBF 

P (MB) 

374.  7 

2 

2.54E»03 

>6 

3. 6 9E*  04 

402 

7 . 84F ♦ 0 7 

4 

7 . 83E*  0 7 

47 

5. 63E*04 

707 

5.2  3E*01 

Alt  (KM) 

6 

5 . 1 6E  » 0 T 

67 

7.75E»04 

10  13 

0. 

7.640 

0 

3.91P*0T 

33 

3.5.3F»04 

1320 

0. 

10 

l • 6 6E  ♦ 0 7 

113 

1 , 48E * 04 

1625 

0. 

TEMP  (C) 

12 

2 . 3 9E*  0 7 

123 

1 . 7 8£*  04 

19  32 

0. 

-79.9 

14 

2 . 59E ♦ 0 7 

149 

1 . 4 OE  ♦ 04 

22  3 7 

0. 

16 

1 . 76F»07 

169 

1 . 69E  * 04 

75  *.4 

0. 

DEMO  (C) 

18 

1 .40E*07 

139 

1. 73E*G4 

2849 

0. 

20 

8 . 04EM6 

710 

3. 1 4E»04 

31  55 

0. 

22 

7. 26F»  06 

2 TO 

2. 88E  * 04 

34  62 

0. 

TAS  (M/S) 

24 

5 . 1 9F*  06 

751 

3.96E*  04 

3768 

0. 

116.  5 

26 

6 . 48F*  06 

271 

4.4  6£  *04 

40  73 

0. 

28 

4 . 41F  * 06 

291 

4.11F*04 

4379 

0. 

30 

3. 37E*06 

312 

3 . 0 7E ♦ 04 

46  86 

0. 

total* 

LHC 

8 . 96E-04 

4.18E-03 

Y.36E-04 

1.  99E-03 

MEO  O 

21 

119 

700 

103 

61 


afhl  cirrus  stuoy  by  acgl 


FLIGHT  E77-51  ON  29  OCT  77  30  SiCONO  AVERAGING 

INTERVAL  START  *17113101’ 

PART  I CLF  SIZ^  DISTRIBUTIONS  (NUNBFR/N**  3-iM ) 

TYPE*  BULL-ROSE 


SIZE 

SCATTER 

SI7C 

CLOUD 

SIZE 

PRECIP 

(MU) 

FROBF 

T MUI 

PROBE 

(MU) 

PROBF 

P (MB) 

374.8 

2 

4 . 4 3E»  08 

26 

0. 

402 

4 . 2 4E  *0  2 

4 

3 . 03E*07 

47 

2.91E*  04 

707 

4 . 7 2F  ♦ 0 1 

ALT  (KM) 

6 

1 . 56E*07 

67 

9. 12E+03 

1013 

0. 

7.640 

6 

1 . 74E ♦ 0 7 

88 

1 . 3 6E*  04 

1320 

0 . 

10 

8 . fa  2E*  06 

108 

3. 69E*  0 3 

1626 

0. 

TEMP  (C) 

12 

4 • 9 3E  ♦ O 6 

128 

4.1 0E»  03 

1932 

0. 

-29.9 

14 

6. 22E  * 06 

149 

1.08E*03 

2237 

0. 

16 

5 . 44E*  06 

169 

8.88E*02 

25  44 

0. 

OEHP  (C) 

10 

4 • 67E  » 06 

189 

9. C9E»02 

26  49 

0. 

20 

2. 59E*06 

210 

3. 1 4E*  0 3 

3155 

0. 

22 

2.0  7E»  06 

280 

2. 30E«03 

3462 

0. 

TAS  (M/S) 

24 

2. 07E*  06 

261 

0. 

3768 

0. 

116.5 

26 

2.  3 3F*  06 

271 

8 . 6 3E»  0 3 

4073 

0. 

26 

1 . 30E*  06 

291 

3. 29E*  0 3 

4379 

0. 

30 

2. 0 7E*  06 

312 

5. 75E*  0 3 

4686 

0. 

totals 

LHC 

3. 13E-04 

5.10E-04 

5.97E-04 

7.21E-04 

MED  n 

23 

122 

216 

194 

INTERVAL  START  *17113131* 

PARTICLE  *IZE  USTRIBUTIONS  (NUH9E9/M** 3-MM) 
TYPEI  BULL-ROSE 


SIZE 

SCATTER 

SIZE 

CLOUO 

SIZE 

PRECIP 

(MU) 

PROBE 

(MU) 

PROBE 

(MU) 

PROBE 

P (MB) 
374.5 

2 

4. O2E»O0 

26 

3. 69E*  04 

402 

9. 64F*  0 2 

4 

3 . 76E*  0 7 

4* 

2.91E*04 

707 

2 . 2 7E  ♦ 0 2 

ALT  (KM) 

6 

2. 80E*  07 

67 

5 . 0 IE*  04 

1013 

3. 54E*  00 

7.644 

8 

1 . 97E*  07 

83 

1.  6 3E»  0 4 

1320 

6.21E-01 

10 

1.  53E*  07 

108 

3. 69E*  0 3 

1625 

0. 

TEMP  (C) 

12 

1 • 43E*07 

123 

5. 4 7E*  03 

1932 

0. 

-30.0 

14 

1 . 06E*  07 

149 

2. 15E*0  3 

2237 

0. 

16 

6 . 74F*06 

169 

0. 

2544 

0. 

OEHP  (C) 

18 

7 . 52E*  06 

189 

0. 

2049 

0. 

20 

4. 67E  * 06 

210 

2. 09E*  0 3 

3155 

0. 

22 

2.33F*  06 

2 30 

0. 

3462 

0. 

TAS  (M/S) 

24 

2 . 0 5E*  0 6 

251 

2.56E*  0 3 

3760 

0. 

116.5 

26 

2 . 85E*  06 

271 

0. 

4073 

0. 

20 

2. 8 5E»06 

291 

0. 

43  79 

0. 

30 

4 MC 

1 . B1E*  06 

4.46E-04 

3 1 * 

1 . 92E*  0 3 

2.19E-04 

46  86 

0. 

2.00E-01 

TOTALS 

2.13E-03 

T 


AF«l  CIRPUS  STUDY  8Y  AFSL 

FLIGHT  ET7-51  OH  29  OCT  77  30  SECOND  AVERAGING 

INTERVAL  START  *17  114  I 01* 

PARTICLF  SI7F  DISTRIBUTIONS  (NUMBER/M** 3-MM! 

TYPE!  BULL-ROSE 


SIZE 

SCATTER 

SI  7E 

CLOUD 

SIZE 

PRECIP 

(MU! 

P ROB: 

(MU! 

PROBE 

(MU! 

PROBF 

P (MB! 

374.3 

2 

2.5  3E*  08 

26 

1.1  1E*05 

4 02 

2. 3 3E ♦ 0 3 

4 

7 . 54E*  07 

47 

1. 1 7E*  05 

707 

1. 78F*03 

ALT  (KM) 

6 

6 . 27E*07 

67 

8 • 7 OE*  04 

10  13 

1 . 08E*02 

7.649 

S 

4. 98E»07 

SB 

4.61E»04 

1320 

1 • 8 OE  ♦ 0 1 

10 

3.94EM7 

103 

2. 77E* 04 

1625 

1. 31E*00 

TEMP  (C) 

12 

2 . 8oE*  07 

123 

2.6  OE*  04 

1932 

2 . 0 8E  ♦ 0 0 

-30.0 

14 

7. 28E*07 

149 

1 • 79E*  04 

2237 

1 .48E*00 

16 

1.92E*07 

169 

1 . 3 3E ♦ 04 

2544 

0. 

OEWP  (C) 

18 

1 . 8 9E  » 0 7 

189 

3.  8 3E*  0 3 

2849 

0. 

20 

9 . 59E*  06 

210 

1.  0 4 E ♦ *0  3 

31  55 

0. 

22 

6 . 22E*  0 6 

230 

4.60E*0  3 

34  6 2 

0. 

TAS  (M/S) 

24 

8 • 55E*  06 

251 

0. 

3768 

0. 

116.5 

26 

5.18EM6 

271 

1 . 44E ♦ 0 3 

40  73 

0. 

28 

5. 70E*  06 

291 

3 • 2 8E*  0 3 

43*9 

0. 

30 

5 • 9 6E  ♦ 0 6 

312 

0. 

4686 

0. 

TOTALS 

LMC 

1.07E-03 

6.3  Oc- 04 

1.3  IE- 0 2 

1.37E-02 

MEO  n 

22 

67 

314 

310 

INTERVAL  START  *17114131* 

PARTICLE  *IZE  DISTRIBUTIONS  (NUMBER/M**  3-MM) 
TYPE*  BULL-ROSE 


SIZE 

SCATTER 

SIZE 

CLOUD 

SI  ZE 

PRECIP 

(MU! 

PROBE 

(MU) 

PROBE 

(MU) 

PROBE 

P (MB) 

374.2 

2 

3 • 64E*  0 8 

26 

3.69F*04 

4 02 

2 . 6 9E  * 0 3 

4 

6. 17E*07 

4T 

8 . 7 4E  ♦ 0 4 

707 

6 . 4 9E  *0  2 

Alt  (KM) 

6 

5.13E*0  7 

67 

5 . 9 2E  *04 

1013 

1 . 8 9E  + 0 1 

7.650 

8 

4. 54F*07 

BB 

3. 5 SE*  0 4 

1320 

3 • 1 IE  ♦ 0 0 

10 

3 • 39E*  07 

118 

7.40E*  04 

1625 

0. 

TEMP  (C) 

12 

2 . 70E*  07 

128 

9. 5 7£* 0 3 

1932 

0. 

-30.0 

14 

2. 05E*  07 

149 

1 • 0 8E*  0 4 

22  37 

0. 

16 

1 .68E*07 

169 

2. 66E*  0 3 

2544 

0. 

DEMP  (C) 

18 

1. 63E*  0 7 

189 

2. 6 7E* 0 3 

2849 

0. 

20 

1. 19E*07 

210 

3.  1 4E  ♦ 0 3 

3155 

0. 

22 

6. 74F*06 

230 

0. 

3462 

0. 

TAS  (M/S) 

24 

7. 76E*  06 

251 

1 • 28E*  0 3 

3768 

0. 

116.5 

26 

4 • 66E*  06 

271 

0. 

4073 

0. 

28 

5. 70E»  06 

291 

9. 8 5E*  03 

4379 

0. 

30 

6 • 74E*  06 

312 

9. 5 8E*  0 3 

4686 

0. 

TOTALS 

LMC 

1. 05E-03 

8.17E-04 

5.81E-03 

6.13E-03 

MEO  0 

2» 

126 

26  7 

260 

63 
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AFHl  CIRRUS  STUOV  SY  AP  i L 

FLIGHT  OH  ?9  OCT  77  JO  SECONO  AVERAGING 

INTERVAL  START  •17115101* 

PARTICLE  SI7E  1 TS TR I BUT  I GNS  (NUM3E 9 / M* • 3-MM ) 


TYPP!  BULL- 

ROSE 

SIZE 

SCATTER 

S I 7F 

CLOUD 

SI  7E 

PRECIP 

IMU> 

F POSE 

( HU) 

PROSE 

(HU) 

PR09E 

P (MS) 

374.1 

2 

6.  OOE»  08 

’6 

0. 

402 

5 • 5 OF  * 0 7 

4 

3 . 3’E*07 

4* 

3.88E*  04 

70  7 

J • 0 3E  ♦ 0 1 

ALT  ( KM ) 

6 

1 . 8 7p* 0 7 

47 

1 .87E*  04 

10  17 

5.90E-01 

7.65? 

S 

1.48E*  07 

38 

1.90E»04 

1320 

0. 

to 

1 .45F*07 

103 

5.  5 3E  ♦ 0 3 

1625 

0. 

TEMP  (C) 

12 

l.C9E»07 

128 

4 . 1 0£  * 0 3 

19  32 

0. 

-29.9 

14 

8. 0 3E*  06 

149 

2.  1 5E  «•  0 3 

22  37 

0. 

16 

5 . 96E  * 06 

169 

8. 37E»02 

2544 

0. 

OEWP  (C) 

18 

7 . 25E  * 06 

189 

0. 

2849 

0. 

20 

?.  8 5E  * 0 6 

’10 

2 • 0 9E ♦ 0 3 

31  55 

0. 

22 

2 . 07E*  06 

230 

1 . 1 5F  ♦ 0 3 

J4o? 

0. 

TAS  (M/S) 

24 

4 • 4 0r*  06 

241 

3 . 8 JE  ♦ 0 3 

7768 

0. 

116.6 

26 

2.  3 3E*  06 

2’1 

1.44E»03 

407  J 

0 . 

28 

2 . 3 JE  * 0 6 

291 

0. 

4379 

0. 

TO 

1 . 81F»  06 

312 

7. 66E ♦ 0 3 

46  86 

0. 

TOTALS 

LHC 

4. 06E-04 

4.14E-04 

6. 34E-04 

7.58E-04 

ME  0 0 

23 

132 

197 

180 

SIZE 

PARTICLE 

SCATTER 

INTERVAL  START  •17115171* 

SI7P  SISTRIBUTIONS  (NUMSER /M**  7-MM ) 
TYPE!  SULL-ROSE 

SI’E  CL  QUO  SIZE  PRECIP 

( MUI 

PROSF 

T HU) 

PROSE 

(MU) 

PROOF 

P (MS) 

2 

9 . 46E*  0 8 

’6 

0. 

402 

0. 

373.  7 

4 

2 . 3 3E  * 0 6 

4’ 

0. 

707 

0. 

ALT  (KM) 

6 

2 • 85E  * 06 

6’ 

0. 

1013 

0. 

7.659 

8 

2 . 33E*06 

33 

0. 

1320 

0 . 

10 

1 . 04E»06 

108 

0. 

1625 

0. 

TEMP  (C) 

12 

1.29F»06 

123 

0. 

1932 

0. 

-30.1 

14 

1. 04E * 06 

149 

0. 

223  7 

0. 

16 

1 . 70E*  06 

169 

0. 

2544 

0. 

OEMP  (C) 

18 

1 . 55F»  06 

189 

0. 

2o  49 

0. 

20 

7 . 77E  *05 

210 

0. 

31  55 

0. 

22 

5. 18E»05 

2 30 

0. 

3462 

0. 

TAS  (M/S) 

74 

7.59E»05 

751 

0. 

3768 

0. 

116.6 

76 

7 • 77F»05 

271 

0 . 

4073 

0. 

28 

2 . 59E»  05 

291 

0. 

4379 

0. 

30 

2.59E*05 

712 

0. 

4686 

0. 

LHC 

MEO  T) 

7. 50E-05 

20 

0. 

0 

0. 

0 

TOTALS 

0. 

0 

64 


AEMl  "IRRUS  STUDY  BY  AEGL 


FLIGHT  E 7 7 -61  OH  2 9 OCT  77  3 0 SiCOMO  AVERAGING 

INTERVAL  START  *17  116  1 01* 

PARTICLE  Eizr  0 IS T R I RUT  1 0 NS  t NU M9E R/ H • • 3- MM) 

TYPE*  DULL -ROSE 


SUE 

SCATTER 

SI*c 

CLOUO 

SIZE 

PRECIP 

(HU) 

F R08r 

(HU) 

PROBE 

(MU) 

PROBE 

P (MB) 

374.2 

2 

8 . 26E»08 

26 

3 . 69E*  0 4 

4 02 

5. 37E-01 

4 

4 . 41E*  06 

4* 

0. 

707 

0. 

ALT  (KM) 

6 

1 . 82F*  06 

67 

0. 

10  1 3 

0. 

7.650 

6 

2 • 33E*  06 

88 

0. 

1320 

0. 

10 

3.  HE*  06 

1 03 

9.23t»0  3 

16  26 

0. 

TEMP  (C) 

12 

1 . 30E*06 

1 23 

1. 37E*  0 3 

1932 

0. 

-30.4 

14 

1. 04E*06 

149 

4.31E*03 

22  37 

0. 

16 

1 . 66E*  06 

169 

0. 

2544 

0. 

DEMP  (C)  1 

18 

0 . 

189 

0. 

28  49 

0. 

20 

7 .78L»05 

211 

0. 

3155 

0. 

22 

0. 

2 30 

0. 

3462 

0. 

TAS  (M/S) 

24 

7.786*05 

251 

0. 

3763 

0. 

116.4 

26 

1 . 04F  *06 

271 

0. 

40  7 3 

0 . 

28 

2 . 59E*  05 

291 

0. 

4379 

0 . 

30 

7. 78E»05 

312 

0. 

4686 

0. 

TOTALS 

LHC 

8 .90E-05 

4.53E-05 

4.70E-0T 

4.58E-05 

MED  D 

?S 

61 

176 

61 

I NT  E R V A L START  •17116131* 

PARTICLE  SIZE  DISTRIBUTIONS  (NUM8ER/M** 3-MM > 
TYPEI  bull-rose 


SIZE 

scatter 

SI’E 

CLOUO 

SI  Zi 

PRECIP 

(MU) 

PROBE 

(MU) 

PROBE 

(MU) 

PR08E 

P (MB) 

374. 3 

2 

1 . 1 3E*09 

26 

0. 

402 

0. 

4 

4 . 67E  * 0 6 

47 

0. 

70  7 

0. 

alt  (KM) 

6 

2. 3 3E*  06 

67 

0. 

10  13 

0. 

7.649 

e 

5. 19E*05 

83 

0. 

1320 

0. 

m 

2. 866*06 

103 

0. 

1625 

0. 

TEMP  (C) 

12 

5 • 19E*  0 5 

128 

0. 

1932 

0. 

-30.5 

14 

2. 59E»05 

149 

0. 

22  17 

0. 

16 

1 . 3 OF*  06 

1 69 

0. 

25*4 

n. 

DEMP  (C) 

18 

1 • C4E*  06 

189 

0. 

2849 

0. 

20 

0. 

211 

0. 

3155 

0. 

22 

2 . 59Ef  05 

230 

0. 

3462 

0. 

TAS  (M/S) 

24 

2 . 596*  05 

261 

0. 

3768 

0. 

116.4 

26 

0. 

2’t 

0. 

40  73 

0. 

28 

0 . 

291 

0. 

43  79 

0. 

30 

2 . 5 9E  * 0 5 

312 

0 . 

4686 

0. 

totals 

LHC 

4 . 1 IE- 05 

0. 

0. 

0. 

MED  O 

15 

0 

0 

*0 

65 


Appendix  B 

Data  for  Long  Period  Averages 


PMS  1-D  printouts  of  average  rirrus  data  for  varying  time  intervals  are  given 
in  this  appendix.  The  periods  selected  were  primarily  determined  after  reference 
to  the  plotted  data  in  Figure  15c  which  is  believed  to  he  in  general  agreement  with 
visibility  conditions  in  the  aircraft.  Specifically,  the  higher  peaks  of  the  precipita- 
tion probe  I,WC  curve  represent  times  when  visibility  from  the  aircraft  was  reduced 
most. 

Peaks  in  the  precipitation  probe  [,WC  plot  are  represented  in  the  first  three  1 - 1 ) 
averages  for  the  following: 


Averaging  Period 

Beginning  At 

Page 

240  sec 

1654:01 

68 

300  sec 

1701:01 

6 8 

420  sec 

1707:01 

69 

Power  values  of  precipitation  I.WC  fluring  the  flight  are  found  in  the  following 
intervals: 


180 

sec 

1657 

01 

69 

120 

sec 

1706 

01 

70 

60 

sec 

17  12 

01 

70 

Two  printouts  of  longer  term  averages  which  include  both  high  and  low  I.VVC 
values  are: 

1080  sec  1653:01  71 

720  sec  1702:01  71 
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FLIGHT  £77-5  1 OM  ? 9 OCT  77  240  S£CONR  A VF  R AG  ING 

TMTPRVAL  ^TAPY  *16t54t01* 

FARTICLE  rl7r  MI9TRIRUTI0NS  (NU  MRF  R / M*  • 3- MM > 

Typri  RULL-ROSE 




— *T7«— 

-ot-o'm 

51  Vcr 

»R6€TP 
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(MU1 

PPOR- 

c Mi» 

PROBE 

(MU) 

PROOF 

P (MB) 

373.  2 

2 

6.42EM7 

?4 

2. 0 3£*  05 

4 00 

2.  3 6F ♦ 0 2 

4 

8 .55F*07 

» 7 
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6 

7.4  2EM17 

f>7 
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10  11 

0 . 

7.669 
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10 

4.37F*07 

no 
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16  22 

0. 

TEMP  TCI 

— x*~ 

5. ?2F»or 
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8.71E*04 

1927 

0 . 

-30.9 

14 

2.?OF*07 

1 40 

8. 79E*  04 

22  3 0 

0. 

1 6 

1 . 65FP97 

1 49 

l.O3**05 

29  3d 

0. 
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1 8 

1 . 4 2E*  0 7 

1 09 

1.' 'IFF  *09 

28  43 

0. 

— — 

-8. 06E*-89 

*09 

t.-8-7F*0  9 

3149 

0. 

22 
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2 00 

9.46F*04 

3494 

0. 

TAS  (M/S) 

*4 

5 . 76F*09 

200 

6.49E*  04 

37  .0 

0. 

116.6 

26 

5 .50F*06 

?n 

4.34E*04 

40  69 

0. 

M 

4 . 24F * 04 

291 

3.  ME*04 

43  70 

0. 

30 

4.  37F*  05 

Oil 

2 . 5 9E  ♦ 0 4 

45  76 

0 . 

— 

— 

— . .. 

totals 

L MC 

9 . 27E-04 

7.552-03 

2. 20E-04 

4.69E-03 

heo  o 

7t 

79 
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86 

AFRL  CI<’U3  STU'IY  BY  AFGL 


TiIChT  E77-5 1 )H  23  3CT  ti  30  0 3£C0M0  A ERASING 
1 NTr  ? V L STAtT  * 17(01101* 

F-  a - r t c L E SI7  '’ISTUu  JT  IUNS  INU  nK'H’M-N") 
fYP-:  i " Rull  - <bSE 


S.  7c 

SCA  fKR 

Cl  ouo 

SI  7c 

P<\-  C J» 

( ‘ ) ) 

* i-  i 1 

( M'l) 

PTull 

( 1 iji 

P-.J  *E 

F ( M9) 

3 71.3 

2 

1.1  * 1 
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. 00 

l.*7  *12 

4 

1 . K * 3 

“4  7" 
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6 

9 . 29. * 7 

» 7 

2.142*05 
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7.695 

s 

7.4  * ) 7 

0 7 

1 . - 0 £ » f; 

131  J 
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1 J 
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1 13 
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1622 
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1 23 
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0 . 
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id 
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1 ) 

*.  2 3£*  G4 

2j  ,4  5 

0. 

2 J 

1.2  * 7 

2 J ) 

*.  1 O'"*  04 
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0 . 

72 

1 . 1 * .7 

7 31 

7 . , 0 £ ♦ 0 

34  54 

0 . 

TAS  (M/S) 

24 

0 . / . ‘ Ob 

i 91 

9 . i 2 1*1  4 

37  61 

0. 

116.8 

26 

■*.293*06 

2 ’1 
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0. 
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, 
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THIS  PAGE  IS  BEST  QUALITY  PRACTICAL 
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afhl  cirrus  stuoy  BY  A=-JL 


FLIGHT  E77-51  ON  29  OCT  77  42 I SECOND  AVERAGING 

INTERVAL  START  »t7»*7»*l* 

PARriCtE  SI 7E  DISTRIBUTIONS  (NUMBE R/ M»* 3-MM > 

TYPE 4 BWLt -ROSE 


— S-»£ — 

SCATTER 

— S4-7C 

— CLOUD 

SI  76 

PR6CIP 

(MU) 

PR03E 

(HUT 

PROBE 

(MU) 

PROBE 

P (MB ) 

2 
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26 

2.275+05 
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1 . 6 8E  ♦ 0 3 

-♦7 

1 
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6 
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14 
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18 
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— 
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afrl  cirrus  study  BY  AFSL 
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5.74E+07 

W t T IF  ft  7 

••67- 

57 

q ; 

1 0 

. ...  * a 

3.?8E>0 7 

a . CLATXA  w 

1 1’ 

1 c 

14 

4 t 

C * C7Y7T  ▼U  T 

1 . 64F ► 0 7 

1 w ♦- ()  j - - 

T “ 

1 4j 

1 S3 

1 O 

19 

>n 

l . i 7l> nr 

ft? ? f ♦ ns 

1 *>~T 

1 39 

P .IQ 

. u 

22 

au— 

6 • 1 9F*  06 

CL  , C 7T  L.  \L+ 

P Cft 

-Yr 

?6 

“ 1 “ Jt  ^ 7 

6 • > 06 

C ^*7 

271 

2-o 

TO  4.06E4J5 

LHC  A. TOE- 04 
HER-  O ?» 


-2  4F- 

711 


OLOUB 

RROBE 

4 . 6 2E»  05 
-3.-75E4-G8 
2.98E*05 
1 , 61FA05 
1. 305*05 

— 1.  H)F*96 

0 .  7 Q~  * 0 4 

- -8rP6E*  06  - 

8.495+04 

6.73E+Q4 

5.695+04 

1, F7F*GA 
?.f 85+04 

■ -P^96F*P-4 
1.635*04 

S.70F-03 
B 1 


SI  7E  BfitCIP 
(HU)  PROBE 

+ 00  F.O+f+o? 
706  4 . 42E  +0  0 

1011  0. 

1316  1. 

1622  0. 

1927  0. 

22  33  0. 

25  38  - 0. 

28  4 3 0. 

314B  9. 

3454  0. 
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AS9L  CIRRUS  STUHY  3 Y AF  S L 
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0. 

8484 


-IT. 


— f€MP- <C1 — 

-29.9 

FROSTPOINT 

?*8  tN/88 


74 

1. 02E»07 

250 

— m- 

4.16E704 

3760 

0. 

116.5 

V • 96E  7 86 — 

V,  1 66764 

4689— 

D 9 

28 

7 ,5?F»  06 
-6.866466- 

’91 

— 6tt — 

5.51E704 

43  7 0 

0. 

3D — 

— 6.  *66764 

F6 

— 

TOTALS 

L WC 

1 . 4 OP-88 — 

® 0? J 0 3 

— 5.6  IP” 81 

* • 3 

meo  n 

2 7 

120 

208 

166 

70 
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AFML  CH»US  STUDY  3Y  AFG  l 

FlIGHr  E7  7-5‘l~'0N  "Tj  OCT  77  't090  SECONO  AVERAGING 

INTERVAL  START  M6I53I91* 

FARTICLF  <517;  9 IS TRT  9tJ T I ONS  (NU  HE  R / M*  * 3-MM  ) 

TYPF|  3ULL -ROSE 


SIZE 

SCATTY 

S I 7P 

ci  oun 

SI  7E 

PRFCTP 

(MU) 

FR09E 

(M'l) 

' PROSE 

(MM) 

PROOF 

P (MR) 

373.0 

2 

1 • 1 4 F ♦ 0 8 

’6 

3.00E*05 

401 

7.4  0F*O  7 

4 

1 . 02F* " 8 

47 

2.812*05 

706 

0.952*01 

ALT  (KM) 

6 

8 • 4 6F  *17 

67 

2.49-  *05 

10  11 

4.492*01 

7.67  3 

4 

6 « 09F* 17 

37 

1.57F*P5 

1316 

7.45F-01 

10 

6. 06E  ♦ 0 7 

1 33 

1.312*05 

16  22 

0 . 

TEMP  (C) 

12 

3 . 86E*  0 7 

1 73 

1.1 62*  05 

19  27 

0. 

-30.0 

14 

2.89FH7 

1 43 

1. 00E*05 

22  3 3 

0. 

16 

2. 32F  *07 

169 

9. 08E*  04 

25  38 

0. 

FROSTPOINT 

18 

2.26 E*17 

1 89 

8.602*14 

28  4 3 

0. 

20 

1 . ??F  * 07 

719 

7. 94E*  04 

3149 

0. 

22 

1 . 04E*07 

2 31 

6.972*04 

3454 

0. 

TAS  (M/S) 

24 

8 . 70E*  j6 

2S0 

5.102*04 

3760 

0. 

116.7 

26 

8.862*06 

271 

3.812*04 

40  65 

n. 

28 

8 . 37E*0o 

2 91 

2. 8 8E*  04 

4370 

n . 

30 

7.502*  i,  6 

311' 

2.682*04 

46  76 

0. 

TOTALS 

LMC 

1.42E-03 

' 6. 75E-0? 

1.14E-03 

5. 15F-03 

Mil  0 

2? 

97 

277 

87 

AC9,. 


;IR0U5  STUDY  BY  AFGl 


—FLIGHT- 24,7-61.  UN  -2D-  DC  T 7-2 -744L-S2  C6RW-  AVERAGING  — 

INTERVAL  START  *17102101* 

FA6TIGLF  FI?cr  0 1 C T-RI  RUT  IONS  <NU  «4RF  R / M*  * 3- 3M  > 

TYP£t  3ULL -ROSE 


SIZE 

SCATTER 

_ ( M4| 

_ £_p.Qa£ 

(J4L4  - 

P 

1.54fc*9» 

74 

4 

£. 

1 . 12E*  09 

4 . (1*>F  * 0 7 

4* 

47 

8 

7 . 29E*  C 7 

37 

...  iq 

^ ^ y . 

1 r)g 

12 

4.?3Ef or 

1 23 

14 

.1  _ Tap  6 n/ 

144 

16 

www  73-  '/ . 

?.64EM7 

169 

1 8 

? 6 f>f>f  » 0/ 

1 49 

20 

1 • 4 3E  * 0 7 

209 

iri  -- 

240— 

24 

1 • 0 1 E ♦ 1 7 

251 

26- 

l _ Qi 4f  >n7 

3 74- 

. 2» 

9 . 95E*  u 6 

2 91 

— WT 

9 . 1 2E  * 06 

■311 

CLO'jn 


2.295*06 
2.  04E*05 

1 . 1 2E*  0 5 

-4. 

5 .9-*f*o4 
-4. A 4E*«4 
5.012*04 
5.4*5*04 
6. 1 0£*  04 
-W(U2*fl4— 
5.09E*  04 
*.?2F*<)4 
3.352*04 
2.095*04 


SI  72 
-4MJJ+- 


1927 
22  33 
2538 
24  43 
31  49 
34-44— 


PREdP 

-paoat 


400  1.415*03 

706  2.05E*02 

1011  9.422*00 

1316  8.55E-01 


0. 

0. 

0. 

0. 

0. 

-0„- 


373.2 

ALT  (KM) 
7.670 

-TtMP  -LCO— 
-29.  7 

FP0STP01NT 


-4-Ai-4M/S4  — 


3760  0. 

40  66  0. 
4370  0. 

4676  -0*- 


116.7 


-6..-744-.03— 

107 


0.366-01 


237 


L«G 
MEO  O 


22 


71 


TOTALS 

6.066-0  3 
10? 


